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SUMMARY
This th es is  describes the design and development of high level 
language program m ing system s fo r  use on a sm all m ini-com puter 
in sta lla tio n  in an educational environm ent.
Any high level language may be im plem ented in a number of 
d if fe re n t ways. The m ajor a lte rn a tiv e s  a re  reviewed with p a rtic u la r  
re fe ren ce  to  hardw are re so u rces, ease of use and the  need to  c a te r  fo r  
both  on-line and o ff-lin e  applications.
The im plem entation of a program m ing system  based upon the use 
of an in te rp re te r  r a th e r  than a com piler is described. The system  
enables a single u se r to  c rea te  develop and execute program s fo r  
applications involving on-line data  acquisition and control.
Hardware resou rces are  m o st e ffec tiv e ly  u tilized  in a tim e shared 
ra th e r  than a dedicated mode. The problems of extending th is  sy stem  to  
p e rm it tim e sharing a re  discussed and an appropriate  solution is described.
In a s itu a tio n  where i t  is necessary  to  segregate  data processing 
fro m  data  acquisition , the use o^ a common programming system  is 
desirable. An o ff-lin e  operating system  is described which adds f ile  
handling capabilities to  the in te rp re te r  and provides a common so ftw are  
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CHAPTER 1.
A Survey of Program m ing System s
1.1. Introduction
One of the  basic requ irem ents of a com puter sy s tem , w hether 
operating on-line fo r  d a ta  acquisition and contro l purposes o r o ff-lin e  
fo r  da ta  processing, is th a t  users  should be able to  operate  the system  
e ffic ien tly  w ith a minimum amount of e f f o r t  and expemence. This is 
especially tru e  in an education and research  environm ent where 
applications are  generally of a one-off n a tu re  and p o ten tia l u sers  have 
only a lim ited  amount of tim e available fo r  program  development.
F o r o ff-lin e  d a ta  processing, high level languages such as FORTRAN, 
ALGOL, BASIC and FOCAL* have become well estab lished . These 
languages allow users  to  express m athem atical operations as a se rie s  of 
in stru c tio n s  in a fo rm  which is s im ila r to  th e ir  n a tu ra l m anner of 
expression.
High level languages can be im plem ented by the  use of e ith e r  a 
compiler based system  or an in te rp re te r  based system .
In the  case of a com piler based sy stem , high level source code 
s ta te m e n ts  are  converted in to  machine object code by means of a 
tran sla tin g  program  or compiler. The compiled program  can then be 
loaded in to  the com puter and executed as required. The p rocesses of 
tran sla tio n  and execution are  th e re fo re  two d is tin c t s tep s  which m u st 
proceed sequentially.
In te rp re tiv e  system s are  based upon the  use of a core re s id en t 
in te rp re te r  program  and high-level language s ta te m e n ts  which a re  s to red  
as te x t  w ithin com puter memory. The in te rp re te r  program  scans through 
the te x t  in te rp re tin g  and executing i t  s ta te m e n t by s ta te m e n t. Each 
s ta te m e n t in the u se rs  program  is essen tia lly  a subroutine call to  the  
section  o f the in te rp re te r  providing the function required  by the s ta te m e n t. 
S ta tem en ts  a re  linked to g e th e r by the executive p a r t  of the in te rp re te r  
in the m anner demanded by the  s ta te m e n t sequence w ithin the  te x t  (1).
In th is  case, th e re fo re , the tran sla tio n  and execution of the  program  
proceed in parallel. F igure  1. i l lu s tra te s  the  d iffe ren ces  between various 
modes of com puter programming.
In c o n tra s t to  the  high level language sy stem s which have been 
im plem ented fo r  o ff-lin e  d a ta  processing. System s fo r  on-line data
* FOCAL is a re g is te red  trad e  m ark of Digital Equipm ent Corporation.
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Figure 1 : A Comparison o f Programming Languages
acquisition , processing and contro l have in the  p a s t  been im plem ented by 
program m ing a t  a low level in assem bler o r machine code (2). This has 
been mainly due to  the  need fo r  obtaining effic iency  in the  use of memory 
and processing tim e which have been d iff ic u lt to  accomplish when using 
high level languages. Program m ing a t  a low level does, however, have 
th e  disadvantages of being both  tedious and tim e  consuming. In addition, 
considerable experience is required befo re  e f fe c tiv e  applications program s 
can be developed by a user.
W ith the c u rren t tren d s  in com puter hardw are technology, the 
c o s ts  of com puters and memory in p a rtic u la r  a re  falling rapidly (3), 
w h ilst the c o s t of ex p ertise  in the programming f ie  Id is  ris ing  by 
comparison. I t  has th e re fo re  become bo th  feasib le  and desirable to  use 
a high level language system  fo r  on-line applications whenever possible.
The use of a high level language system  f o r  on-line applications 
s u ffe rs  fro m  two main disadvantages. F ir s t ly ,  program  execution speeds 
a re  lim ited  p articu la rly  in the  case of an in te rp r e te r  based system . 
Secondly, i t  is d iff ic u lt to  provide u sers  w ith th e  capabilities f o r  tru ly  
synchronous tim ing of events (4). ^
These disadvantages would appear, how ever, to  be outr weighed by 
th e  advantage gained fro m  the  ease of use provided by such a system .
1.2. On-line Program m ing System s
The following approaches have evolved in o rd er to  make on-line 
program m ing eas ie r  from  the u sers  point of view.
1. Block D iagram m atic Program m ing ( 5 - 9 )
2. F ill in th e  Form  Program m ing (10 -  13)
3. Compiler based high level languages (14 -  23)
4. In te rp re te r  based high level languages (1,24 -  28)
1.2.1. Block D iagram m atic Program m ing System s
This concept of programming is based upon th e  use of a s e t  of
so ftw are  "building blocks" analogous to  those used by an engineer in the
design of a con tro l system . A contro l program  is co n stru c ted  fro m
5th e se  blocks by specifying, as d a ta , block p a ra m e te r  and in te r  block 
linkages. The data  is en tered  in to  the  com puter sy stem  fro m  a special 
purpose hardw are communication device.
The s tru c tu re  of CONRAD III (8), a typ ical example of th is  fo rm  
of program m ing, is  i llu s tra te d  in Figure 2. to g e th e r w ith typical core 
requ irem ents fo r  such a system .
The programming sk ill necessary  to  use such a sy stem  is  minimal 
because i t  is  an extension of an estab lished  design procedure and because 
u se r/sy s te m  communication is sim plified.
There are  however a num ber of disadvantages associated  w ith 
th is  approach. Amongst these  a re :-
(a) The need to  provide a special purpose hardw are 
communication device and asso cia ted  so ftw are .
(b) The use of fixed block p a ram e te r  tab les  re su lts  in 
in e ffic ien t memory u tiliza tion .
(c) A large number of blocks are  requ ired  to  im plem ent 
complex contro l s tra te g ie s ,a s  blocks have to  be 
cascaded to g e th e r to  provide th e  necessary  functions.
(d) The block d iagram m atic approach is  inappropriate fo r  
applications involving da ta  acquisition  and processing 
in addition to  control.
As a re s u lt  block diagram m atic program m ing would appear to  be 
m o st su ited  fo r  d ire c t d ig ita l contro l applications r a th e r  than fo r  general 
on-line programming. The su b stan tia l m em ory requ irem en ts  of such a 
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71.2,2. F ill in th e  Form  Program m ing System s
This approach to  on-line program m ing is also based upon th e  
concept o£ a s e t  of basic sy stem  subroutines. As i t s  name im plies, 
however, p a ram ete rs  and linkages f o r  th e  blocks are  specified  by the  
u se r  on p re -p rin ted  fo rm s. The in form ation  fro m  th ese  fo rm s is  then 
tra n s fe r re d  to  punched cards o r tap es fo r  input to  the  system .
Typical da ta  input fo rm s used in I.B.M.*s PROSPERO (10) a re  
shown in F igures 3 , 4 ,  and 5.
F ill  in the  Forjn program m ing, like Block D iagram m atic 
program m ing, is m ore applicable to  th e  d ire c t  d ig ita l con tro l of 
in d u stria l p rocesses than to  general on-line program m ing.
1.2.3. Com piler based High Level Language System s
System s of th is  type fa ll  in to  two main categories (29) :-
(a) P ro c ed u ra l Program m ing Languages, such as FORTRAN and 
ALGOL which have been enhanced so th a t  a u se r  may program  on-line 
ta sk s  such as tim ing, da ta  acquisition and co n tro l in addition to  da ta  
processing. The original syntax of the language is re ta in ed  in the  , 
enhancem ents.
(b) P ro b lem -orien ta ted  languages such as AU TRAN (29), whose 
syntax  has been designed specifically  fo r  th e  purpose of program m ing 
th e  con tro l of item s of plane equipment. The commands and s ta te m e n ts  
o f such a language is th e re fo re  closely re la te d  to  item s of p lan t.
F o r example, AUTRAN uses  s ta te m e n ts  of the  fo rm  
START (PUMPA), CONFIRM 
which when compiled and executed, in s tru c ts  th e  com puter tr* s t a r t  the 
pump m o to r given the id en tifica tio n  PUMPA and to  confirm  th a t  the 
m o to r has s ta r te d .
A larm  conditions may be s e t  up by using s ta te m e n ts  of the  form  
WHEN (PUMPA. ALARMS. OFF) SCHEDULE (SHUTDOWN) 
which in s tru c ts  th e  com puter to  execute a sh u t down procedure should 
PUMPA fa i l  to  operate  in  the  c o rre c t m anner.
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O OC processing  phase
R o u tin e  DOC p rocess  in terval (1 . 2. 4, 8 , 16. 3 2 . 64  sec)
M easured  in p u t?  (1=Yes)
M easured  Inpu t p rocessing  sub. o u i m e (O =none)
G enera l B lock e v c c u te d  to r in p u t ca lcu la tio n  
In p u t f ilte r ty p e  (O ^none. 1 - U n ion , 2=e%p.. 3= spare)
In p u t f ilte r  fa c to r  (w ith  dec im al po in t)
Tim e d e lay ed  in p u t?  (1 -Y es)
G en era l B lock e x e c u te d  a f te r  ,n p u t is p rocessed  
S e tp o in t value (sign and dec o t. m eng un its)
D ev ia tion  lo r c o n tro l ac tio n  (eng jm ts  w ,a e c  p t )
In p u t change vs. o u tp u t  change m e ,-m e . (0 ). m e -d ee . (1)
O u tp u t (O -sio red -o n iy . 1=vaivc. 2 = cascade . 3 = lm k)
DOC s ta tio n  o r van a tile  n o  lo r cascade or link 
O u tp u t m a x im u m  lim it j  Positive v.ilues to  nea re st 5%.
O u tp u t m ir.im um  lim it ( N egative values to  n ea re s t 10%. u p  to  100%  
O u tp u t change lim it 11-1%  2 -5 % . 3= 10%, 4= 1(X)%)
R eload  ;n last o u tp u t  s ta te  or m anua l^  (1 -m a n u a l)
C o n tro lle r  s e tp o m t no  for se tp o m t tra ck in g  
T ype o f loo ., JO -none . 1 - s ta n d a rd )
L o o p  gam  c o n s ta n t (sign and  dec im al p o m tl 
In teg ra l o r rese t c o n s ta n t m m m  ,w rd ee . p t )
D erivative or I r 'd  c o n s ta n t m m m  (w /d ec . o t.)
N o n linear gam  c o n s ta n t (w ith  dec im al p o m tl 
O m it p ro p o r tio n a l m o d e > (1 -Y es)
R am p  to  new  s e tp o m t?  (1 -Y es)
N on lin ear p ro^ ,u rtio n a l m c d e^  (1 -Y es)
N o n lin ear re se t m o d e?  (1 -Y e s i
G enera l S lock  ex e c u te d  a fte r o u tp u t  is s to re d  
F irs t A sso c ia ted  D ata  B lock num ,oer 
L ast A sso c ia ted  D ata  B lock num ber
0 X 1 0  0 0 2 8  0  U /M  025
Figure 3
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The operation of a com piler based sy stem  is essen tia lly  a 
m u lti-s tag e  process involving:-
(a) G eneration of the program  source code
(b) T ranslation  of th e  source code in to  machine code
in stru c tio n s
(c) The execution of the machine code program
The se ria l n a tu re  o f these  p rocesses en ta ils  th a t  only the  
required  segm ent of the  sy stem  is core re s id en t a t  a p a rtic u la r  tim e.
The memory overhead required  by system  so ftw are  is th e re fo re  
significantly  lower than th a t  required by a system  which is to ta lly  
core resid en t. The m ajor disadvantage of the  com piler based sy stem  
a rise s  when u sers  program s requ ire  m odification during the 
development s tag e . This involves repeating each of the  sep ara te  
p rocesses of th e  com piler sy stem  u n til a successfu l program  execution 
has been achieved.
The effic iency  o f m o st com piler based sy stem s is  such th a t  
program  execution speeds and memory requ irem ents a re  comparable 
w ith  those of program s w ritte n  a t  assem bler level. i
}
1.2.4. In te rp re te r  based High Level Language System s
As in the  case of com piler based sy stem s, in te rp re te r  based 
system s are  e ith e r  extensions of existing languages (BASIC, FOCAL) o r 
special purposes languages (e.g. NODAL).
The im plem entation of a language by an in te rp re te r  sy stem  re su lts  
in a slow speed of program  execution by comparison w ith th a t  achieved 
when using a com piler. This is  due to  the f a c t  th a t  a program  s ta te m e n t 
m u st be re - in te rp re te d  each tim e  i t  is  executed (1). I t  is  also necessary  
to  re ta in  the e n tire  in te rp re te r  system  in memory during both  program  
development and execution. This re su lts  in a reduction o f space 
available fo r  users  program s when dealing w ith a fixed size m inicom puter 
system .
On Idle o th e r hand, th e  re s id en t nature  of the  in te rp re te r  to g e th e r 
w ith  the  mode of te x t  s to rag e  has the advantage th a t  u se rs  can be 
provided w ith a range of aids to  program  development and te s tin g . These
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include powerful in te ra c tiv e  te x t  editing fa c ilitie s  and the  ability  to  
execute individual s ta te m e n ts  d irec tly  in an "im m ediate mode".
U sers program  development tim e can th e re fo re  be signi fican tly  
reduced in comparison to  the  development tim e  required  when using 
a compiler based system .
1.3. Operating System s
Irresp ec tiv e  of the type of program m ing system  adopted ,som e 
form  o f  R eal-T im e operating system  or executive m u st be employed 
to  con tro l the  various inpu t/ou tpu t operations of the  com puter sy stem , 
to  share e ffec tiv e ly  the resources available betw een competing 
program s and users  on a p rio rity  basis  and to  con tro l individual program  
execution. In the  case of a dedicated com puter sy s tem , th is  can be 
achieved by a simple in te rru p t p rocessor and ru n -tim e  system . When 
however the resources of a com puter system  have to  be tim e  shared 
between a number of u se rs ,th e  complexity of the  executive (1 ,8 ,17 ,30 ,33) 
demands th a t  hardw are p rio rity  in te rru p t sy stem s and d ire c t memory 
access m ass s to rage  m u st be available (1).
f
1.4. Conclusions
I t  can be seen th e re fo re  th a t  the  so ftw are  s tru c tu re  appropriate 
to  on-line programming will be determ ined by the following fa c to rs
i. The fa c ilitie s  provided by the cen tra l p rocessor
ii. The type and quantity  of main memory and m ass sto rage
available
iii. The range of inpu t/ou tpu t peripherals available
iv. The maximum data  acquisition r a te s  required  of the
system
V . The type o f u sers  and applications f o r  which the  system  
m u st c a te r .
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CHAPTER 2.
Prelim inary  Design Consideration
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2. Choice of System  Softw are
The fa c to rs  influencing the  choice o f sy s tem  so ftw are  have 
been iden tified  in the  previous section. B efore deciding upon which 
type o f so ftw are  s tru c tu re  should be adopted, i t  was necessary  to  
examine the  various fa c to rs  w ith re sp e c t to  th e  p a r tic u la r  s itua tion .
2.1. Hardware Configuration
A PDP-8 m inicom puter (34) w ith 8K of core mem ory was 
available. Although the associa ted  Kent K70 (35,36) in te rfa c e  
provided a large range of inpu t/o u tp u t peripheral devices fo r  signal 
processing , the absence of any m ass s to rag e  device and the  p rim itive  
in te r ru p t system  available w ithin the  p ro cesso r imposed severe 
c o n s tra in ts  upon the  design of an operating system .
The core only configuration of the  com puter m eant th a t  the 
developm ent of a m ulti-access  system  would be v irtu a lly  im possible.
I t  would th e re fo re  be advantageous i f  program  developm ent tim e could 
be minimized so as to  produce a rapid tu rnover of sy stem  u se rs . This 
could be achieved by including powerful program  editing and debugging 
fa c ilit ie s  w ithin the  system  executive. i
2.2. Applications and U sers.
I t  was envisaged th a t  any com puter sy s tem  developed would be 
used f o r  a v a rie ty  of purposes both  on-line and o ff- lin e . In p a rtic u la r  
f o r  on-line applications^the system  was e^gected to  be used fo r  the 
d a ta  acquisition fro m  and contro l of experim ental equipm ent varying 
fro m  a single in stru m en t to  p ilo t p lan t. In addition to  th is ,  i t  was 
expected th a t  fa c ilitie s  fo r  on-line data  processing would be an 
e ssen tia l fe a tu re .
F o r e f fe c tiv e  teaching o f topics such as engineering design i t  
was considered th a t  an in te ra c tiv e  o ff-lin e  com puter sy stem  would be 
necessary .
These considerations m eant th a t  u se rs  would be expected to  
g en era te  m o st of th e ir  own applications program s. As u sers  would 
e ith e r  be s tu d en ts  o r m em bers of s t a f f  fro m  the  d ep a rtm en t, the tim e 
they could devote to  creating  working program s would be lim ited . In
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o rd er to  reduce program  development tim e th e re fo re ,an  im p o rtan t 
fe a tu re  of any com puter operating system  would be to  design the 
sy stem  prim arily  fo r  ease of use. The use o f a common language 
fo r  bo th  on and o ff-lin e  applications would also help to  reduce 
program m ing tim e.
2,3. D ata Acquisition R ates
I t  is d iff ic u lt to  accurate ly  assess  in advance likely da ta  
acquisition r a te s  required of a labo ra to ry  com puter sy s tem , although 
ce rta in  guide lines may be used to  obtain e s tim a te s  of possible sampling 
r a te s .
F o r con tro l purposes the common variables which a re  required 
a re  flow , tem p era tu re  p ressu re  and com position. Typical sampling 
ra te s  fo r  these  variables are  as follows (37):-
FLOW 0.1 seconds to  1.5 seconds
PRESSURE 1.0 seconds to  5 seconds
TEMPERATURE 10 seconds to  20 seconds
COMPOSITION >  20 seconds /
A nother possible application fo r  the  sy stem  is th a t  of th e  
analysis of chrom atographic da ta . The scan r a te s  required to  recover 
the  area under a single peak is dependent upon the  elution tim e  of the 
component in question. However i t  would appear th a t  about 10 sam ples 
p er peak are  required to  e f f e c t  b e t t e r  than 0.25% accuracy in peak 
a rea  recovery (38).Since fo r  m o st chrom atographic applications 
minimum peak widths a re  of the  order of 5 to  10 seconds, a sample 
r a te  of about two points per second would be required.
Baumann e t  al (39) suggests th a t  a scan r a te  o f five poin ts p er 
second would be su ff ic ie n t to  provide s a tis fa c to ry  area  recovery fo r  m o st 
chrom atographic applications.
Signal analysis problem s o r  th e  analysis of da ta  obtained fro m  
in stru m en ts  like a m ass sp e c tro m e te r  generally requ ire  high da ta  
cap ture ra te s .  However,these tend to  be specialised problem s and hence 
requ ire  specialised so ftw are  to  handle the high da ta  r a te s  r a th e r  than the
1é
m ore generalised approach required o f a labo ra to ry  com puter system .
I t  would however be advantageous i f  th e  com puter operating sy stem  
could be modified as necessary  in o rd e r to  handle b u rs ts  of da ta  such ' 
as would be expected fro m  signal analysis problem s. The operating 
sy stem  could then be used f o r  sy stem  in itia lis a tio n  purposes b efo re  
linking to  a machine code subroutine used to  obtain the  da ta . D ata 
processing could then take place subsequently by re tu rn ing  to  the 
operating  system .
I t  would appear th e re fo re  th a t  f o r  m o st laborato ry  applications 
a maximum data  r a te  of about 10 to  20 sam ples p er second would be 
su ff ic ie n t. This magnitude of sam ple r a te  would no t exclude any of 
the  available high level language operating  sy stem s.
2.4. Review of Existing Softw are System s
The possib ility  of designing an en tire ly  new operating sy stem  was 
considered. This however would have involved the  im plem entation of 
ideas, procedures and da ta  processing m ethods used in existing system s. 
I t  was th e re fo re  decided th a t  the m o st e f fe c tiv e  solution to  the  problem 
would be to  develop an operating sy stem  using as a b as is ,th e  fram ew ork 
already provided within an existing operating system . Any m ajor 
deficiencies in such a sy stem  could be rem edied to  make the  system  
applicable to  o ff-lin e  use f o r  the s itu a tio n  in question. Enhancements 
would also be required in o rder to  provide fa c ilit ie s  fo r  on-line use.
2.4.1. F ill in the Form  Program m ing
A f i l l  in the fo rm  programming system , PRO CON (36),was available 
fo r  use on the  PDP-8. However,e?q)erience gained in using th is  sy stem  
and also in extending PRO CON fo r  sequence con tro l (40) em phasised the 
inflex ib ility  of the F ill in th e  Form  approach. F or exam ple, a study of 
the  sequence con tro l of a sim ple bo iler sy stem  (40) showed th a t  any u se r 
would have to  become p ro fic ien t a t  assem bler level program m ing befo re  
being able to  use such a system . The lim ited  e r ro r  diagnostic and 
co rrec tion  fa c ilitie s  available w ithin the sy stem  made the process of 
program  development d iff ic u lt.
The m o st severe disadvantage of th is  sy stem  was the absence of 
any data  processing fa c il i t ie s , the  sy stem  having been designed
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specifically  fo r  d ire c t d ig ita l contro l purposes.
I t  was th e re fo re  decided th a t  th is  fo rm  of operating system  
could no t provide the necessary  fa c ilit ie s  and flex ib ility  required  
even i f  large scale m odifications of the sy stem  w ere undertaken.
2.4.2. Compiler Based O perating System s
F o r an 8K PDP-8 core only com puter FORTRAN II (41) was 
available. This is  in e f f e c t  a m u lti pass sy stem  operating in the  
following m anner:-
1. A punched paper tape in ASCII fo rm a t is  c rea ted  using
th e  te x t  creation  program  SYMBOLIC EDITOR (41).
2. The paper tape source code is then tra n s la te d  in to  a
symbolic language SABR (11) using the  FORTRAN 
com piler program . This produces ano ther punched 
paper tape in ASCII fo rm a t.
3. The symbolic punched paper tape is tra n s la te d  in to  a
relocatab le  binary coded punched paper tape by using 
th e  SABR assem bler program . ,
4. The relocatable binary tape is loaded in to  memory '
to g e th e r w ith any required lib ra ry  rou tines by 
using the  LINKING LOADER.
A t th is  stage  the program  is ready fo r  execution. The process has 
however involved the loading of fou r binary coded paper tape program s. 
SYMBOLIC EDITOR, the FORTRAN com piler, th e  SABR assem bler program  
and the LINKING LOADER. In addition, each sep a ra te  s tag e  involves the 
generation of one o r m ore punched paper tapes to  be reloaded in the 
subsequent s tage . L ibrary  rou tines a r  e loaded in th e  fina l s tag e  of the 
process. A minimum to ta l  of ten  paper tapes m u st th e re fo re  be loaded 
in to  the system .
E rro rs  in syntax and logic have to  be co rrec ted  by re tu rn ing  to  the 
f i r s t  s tag e  of the process in o rder to  ed it the  source code program  w ith 
the SYMBOLIC EDITOR.
The above version of FORTRAN is a typical example o f the 
im plem entation of compiler based system s on core only m inicom puters.
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The use of such a sy stem  implies th a t  a u se r m u st become fully 
conversant w ith  the  operating procedures of the  com puter and would 
th e re fo re  v io late  the  basic design requ irem en t of being easy to  use.
Adapting such a system  fo r  the  provision of on-line fa c ilitie s  
also p re se n ts  a large problem. The segm ented n a tu re  of th e  sy stem  
would n e c e ss ita te  th a t  m odifications be made to  m o st o f the sections.
The com piler m u st be enhanced to  decode new commands fro m  source 
code in to  SABR code. New lib rary  rou tines would have to  be developed 
in SABR code fo r  loading in to  the sy stem  p rio r  to  running th e  program .
The LINKING LOADER run tim e sy stem  would also have to  be extended 
to  provide th e  additional in te rru p t serv ice rou tines required fo r  on-line 
use.
2.4.3. In te rp re te r  Based Operating System s
The 8K FOCAL/69 (47,48) in te rp re te r  was available fo r  th e  PDP-8 
as an o ff- lin e  program m ing system . The main advantage of th is  sy stem  
is the  way in which i t  operates. Once the  sy stem  has been loaded, users  
can c re a te  and ed it program s fro m  a keyboard te rm in a l and then execute 
the  program s w ithout the  need fo r  loading sep a ra te  segm ents of the 
operating system . Paper tapes a re  only required  fo r  the  in itia l loading 
of th e  sy s te m  and fo r  use as a s to rag e  medium fo r  u s e rs  program s.
The "load and go" mode of operation of the  in te rp re te r , although 
sim plifying the  process of program  development and execution, does 
requ ire  th a t  the whole of the  in te rp re te r  rem ains core re sid en t a t  all 
tim es. The space available fo r  extending such a sy stem  to  provide on-line 
capabilities in  a core only con figu ration  is  th e re fo re  lim ited . An 
acceptable com promise between space available fo r  te x t  sto rage  and 
space required  fo r  sy stem  enhancem ents would th e re fo re  have to  be 
achieved i f  such an in te rp re te r  were to  be used as an on-line operating 
system .
A nother advantage of the  FOCAL in te rp re te r  is th a t  i t  possesses 
a command s e t  which is s im ila r in n a tu re  to  th a t  used in FORTRAN, a 
language which is m o st commonly used fo r  o ff-lin e  da ta  processing.
The tra n s itio n  be W een FORTRAN and FOCAL would th e re fo re  p resen t 
few  problem s to  u se rs .
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2.5. Conclusions
Consideration of the  above f a c to rs  indicated th a t  an in te rp re te r  
sy stem  would provide a su itab le  basis  for. an on-line operating  system  
under the  following constra in ts.—
(a) . The system  is to  be developed p rim arily  fo r  ease of use
(b) Sampling ra te s  required are  in general n o t high
(c) No m ass s to rag e  memory device is available
This conclusion has also been arrived  a t  by a num ber of o th e r 
re sea rch ers  in th e  position of try ing  to  provide on-line computing 
fa c ilit ie s  in a laborato ry  environm ent (1 ,28 ,42 ,43 ,44 ,45). F o r la rg e r 
com puter insta lla tions i t  would appear th a t  the com piler based system s 
take  precedence (33,46), NODAL (24) being a notable exception.
A prelim inary investigation of th e  FOCAL in te rp re te r  indicated 
th a t  the  system  could be m odified and w ith  su itab le  re-arrangem en^s 
would allow su ff ic ien t core space fo r  m o st o f th e  m odifications required. 
The main problem w ith such a system  would be one of achieving speeds 
o f program  execution com patible w ith th e  sampling r a te s  required.
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2.6. M ulti-Access In te rp re tiv e  Program m ing
As outlined e a r lie r  in the  discussion, the  lim ited  capacity  and 
p rim itiv e  in te rru p t s tru c tu re  of th e  PDP-8 v irtu a lly  elim inated th e  
possib ility  of c reating  an e f f ic ie n t m ulti-access high level larguage 
operating system .
A prelim inary investigation of the  FOCAL in te rp re te r  indicated 
th a t  such fa c ilitie s  could perhaps be provided to  a lim ited  e x te n t by 
including a u se r swapping executive within the  in te rp re te r  sy stem . This 
would e ffec tiv e ly  allow the in te rp re te r  to  scan and execute d if fe re n t 
u se rs  program s on a ro ll- in /ro ll-o u t basis . Severe re s tr ic t io n s  would 
however be imposed upon th e  size of the program s which could be 
accommodated as the  available core would have to  be shared by system  
users .
The w o rs t fe a tu re  of such a system  would be th e  reduced execution 
speeds incurred by sharing available processing tim e betw een sy stem  users. 
The in te rp re tiv e  mode of execution was expected to  be slow  f o r  a single
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u se r  sy s tem  and the perform ance of th e  sy stem  would be reduced even 
fu r th e r  by a ttem p tin g  to  share processing tim e.
However,as m o st applications would appear to  requ ire  re la tiv e ly  
slow sampling r a te s ,  i t  was thought to  be possible to  tim e  share  FOCAL, 
thus enabling the  advantages of the in te rp re tiv e  sy stem  to  be re ta ined .
B efore  a ttem p tin g  to  develop a m ulti-user in te rp re tiv e  sy stem , 
i t  would f i r s t  be necessary  to  a ssess  the  perform ance of a single u ser 
system . Should i t  prove to  be a s a t is f a c to ry  operating sy s tem , i t  
could be  extended and re-arranged  to  provide s im ila r f a c ilit ie s  fo r  m ore 
than one user.
2.7 Extensions of the  In te rp re te r  F ac ilitie s  f o r  O ff-L ine  Purposes
The m ajor drawbacks of an in te rp re tiv e  sy stem  fo r  general 
com putational purposes in a core only configuration sy stem  a re :-
i. The lim ited  size of program  which can be accommodated.
ii. The use of a paper tape as a s to rag e  medium both  fo r
sy stem  so ftw are  and fo r  u se r developed so ftw are .
W ith a ce rta in  amount o f re -a rran g em en t of th e  FOCAL 
in te rp re te r  i t  could be made possible fo r  users  to  chain various program  
segm ents to g e th e r. This would provide a modular program  s tru c tu re  
which can be an advantage in s itu a tio n s  where i t  is  advisable to  examine 
th e  sensib ility  o f generated da ta  befo re  a ttem p tin g  fu r th e r  analysis. 
In te rm ed ia te  d a ta  and program  segm ents would however have to  be saved 
on paper tape,adding to  the  problem of so ftw are  s to rag e  in th e  core 
only sy stem .
This problem  could be overcome by the  use of some fo rm  of 
m agnetic m ass s to rage  device, allowing a ll so ftw are  to  be saved and 
reloaded simply and e ffic ien tly .
The purchase of a 12K PD P-8/E  com puter so as to  extend the  
computing fa c ilit ie s  w ithin th e  departm en t m eant th a t  a p rocessor was 
available f o r  o ff-lin e  com putation. The choice of a m ass s to rag e  device 
f o r  th e  sy stem  was influenced by the  need to  provide m ore than a single 
drive device f o r  so ftw are  secu rity  and hence backup in th e  case of 
fa ilu re . The c o s t of providing e ith e r  a duplicate disc drive o r disc drive 
and m agnetic tape  was beyond available finance. Thus a dual drive
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TU56 DEC tape sy stem  and TD8E DEC tape co n tro lle r (50) was 
purchased as being the only system  capable of providing the  necessary  
backup and secu rity  within the  agreed budget.
The sy stem  unfortunate ly  has the disadvantage of n o t being 
a d ire c t  memory access device. All da ta  t r a n s f e r s  m u st th e re fo re  
tak e  place through thé  accum ulator of the  P D P -8/E  under program  
co n tro l, precluding i t s  use during re a l- tim e  operations. I ts  use was 
th e re fo re  lim ited  to  one o f an ex terna l s to rag e  device f o r  sy stem  
and u ser c rea ted  so ftw are  thereby avoiding th e  need to  use paper tape 
as  a s to rag e  medium.
A powerful o ff- lin e  operating sy stem , OS8, was available 
fo r  such a com puter configuration. This provides excellen t high level 
language programming capabilities in the  fo rm  of FORTRAN and BASIC 
and extensive f ile  handling fa c ilitie s  fo r  program  s to rag e  and use.
U nfortunately  th e  provision of such extensive fa c ilit ie s  
inevitably means th a t  the  system  is complex and i t s  e f f ic ie n t operation 
requ ires  th a t  a u se r has knowledge and experience o f com puter operation.
In an educational environm ent where th a  com puter is  used as a 
too l and u sers  are  expected to  develop th e ir  own program s, i t  is  e ssen tia l 
t h a t  programming is made as sim ple as possible. I t  was decided th a t  
th e  use o f OS8 would require too much e f f o r t  on behalf of the u ser and 
th a t  a much sim pler system  could be developed using FOCAL as  a basic 
program m ing language. The decision was also influenced by jhe 
advantages which would be gained by using a common language fo r  both on 
and o ff-lin e  programming.
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CHAPTER 3.
The FOCAL In te rp re te r
23
3.1. Introduction
A descrip tio n  o£ the FOCAL language and a b r ie f  guide to  the  
operation of i t s  in te rn a l subroutines was available (47). U nfortunately  
th e re  was in su ffic ien t d e ta il available in th e  manual to  enable 
m odifications to  th e  system  to  be made e ffic ien tly . I t  was th e re fo re  
necessary  to  examine the  PAL III assem bler lis tin g  of 4K FOCAL/69 
in o rder to  determ ine the s tru c tu re  and m ethod of operation of the  
in te rp re te r .  The flow ch a rts  (51) produced fro m  th e  lis tin g  a re  
included on m icrofiche.
Figures 6 and 7 i l lu s tr a te  the  core u tiliz a tio n  of the  4K FOCAL 
and the 8K FOCAL sy stem s respectively .
3.2. Rules and Syntactical L im ita tions
FOCAL program s a re  c rea ted  by en tering  commaid s tr in g s  in to  
th e  com puter fro m  the  keyboard of a te rm in a l device. The ru les  which 
have to  be obeyed a re  as follows
1. AH in d irec t program  lines m u st be numbered according
to  group number and line w ithin th e  group, XX.YY 
where
1 f  XX^ 31 is the  group number
Ol^YY^99 is the  line num ber w ithin the  group
Hence line numbers a re  in the  range Ol. Ol to  31.99 excluding 
XX. 00 .
2. A line may contain any number of commands (except WRITE,
MODIFY and ERASE) sep ara ted  by sem i colons. The 
line is com pleted w ith a carriage  re tu rn .
A command has the fo rm
(COMMAND) (SPACE) (CHARACTER STRING) (TERMINATOR)
The command name only requ ires th e  c o r re c t  f i r s t  ch a ra c te r  
to  specify the command. The command name m u st be 
followed by a space, to  a c t as a d e lim itiirg  c h a ra c te r  betw een 
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The sy n tac tica l fo rm  of the  c h a ra c te r  s tr in g  is determ ined 
by th e  p a rtic u la r  command being executed, non-conform ation 
to  th e  p a rtic u la r  re s tr ic t io n s  imposed by the  command 
s tru c tu re  causes an e r ro r  condition. Each command m ust 
be te rm in a ted  e ith e r  w ith  a sem i colon o r w ith  a carriage  
re tu rn .
3. V ariables are  specified  by a one o r  two ch a ra c te r  nam e, the
f i r  s t  one of which m u st be an alphabetic c h a rac te r  other 
than F , and cm in teg er su b scrip t in th e  range 1 204% All 
variables a re  floa ting  point variables.
4. All fu n c tio n s , i.e . algorithm s fo r  producing trig n o m etric
functions etc.,begin  w ith the l e t t e r  F. The argum ents 
required by the  function  a re  enclosed within paren theses 
im m ediately following the  function  name.
For example the  function call FCOS (WT) evaluates the 
cosine of the variable iden tified  by the  symbol WT.
)
5. Any command which does n o t have a line number in f ro n t  of i t
is executed im m ediately.
3.3. T ex t Storage and Handling Routines
As commands can be e ith e r  en tered  in to  th e  sy stem  as a sc ries  of 
in d irec t commands preceded by s ta te m e n t num bers o r as d ire c t commands 
w ithout a s ta te m e n t num ber, i t  is necessary  to  have an in te rm ed ia te  
b u f fe r  between ch a ra c te r  input fro m  a te rm in a l keyboard and program  
s to rag e  within the  te x t  b u ffe r . The in te rm ed ia te  b u f fe r  is known as the 
command input b u ffe r .
Input c h a rac te rs  from  the  con sole a re  s to re d  within th e  command 
input b u ffe r  in stripped  packed ASCII fo rm a t (47). This fo rm  of sto rage  
generally reduces the  8 b i t  ASCII c h a ra c te r  code to  a 6 b i t  code so as to  
economise in s to rag e  requ irem ent. When a ca rriag e  re tu rn  ch a ra c te r  is 
d e tec ted  on input, the in itia l ch a rac te rs  of th e  input s tr in g  a re  examined
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in o rder to  determ ine w hether the command is a d ire c t o r in d irec t
command. If no line number is found, the  command i s  executed
im m ediately. A lternative ly , i f  a line number is  found, the  fo u r  fig u re
number is  re fo rm ed  into a 12 b i t  code; the  m o st s ig n ifican t five b i ts
fo r  the  group number between 1 and 31 and the  le a s t  s ign ifican t seven
b i t s  f o r  the  line number between 1 and 99, e.g.
08.76 would give the  following 12 b i t  b inary  code
DECIMAL BINARY COMBINED CODE
Group 08 r  01000 ) 010,001,001,100
Line 76 = 1001100 ) 2 1 1 4 .o
This 12 b i t  code, to g e th e r w ith the r e s t  o f th e  c h a ra c te r  s tr in g  
held in the  command input b u f fe r ,  is added on to  th e  c u rren t end o f th e  
te x t  b u ffe r . Any previous line en tered  in to  th e  t e x t  b u f fe r  w ith  the 
sam e line number as the  new line is im m ediately d e le ted  and the  space 
occupied by th a t  line is recovered.
The new line is linked in to  i t s  c o rre c t num erical o rder using 
line mcinipulation rou tines. A po in ter at the  s t a r t  o f the nex t lower 
numbered line is s e t  to  the s ta r tin g  address of th e  new line in the te x t  
b u ffe r . A nother po in ter a t  th e  s t a r t  of the new line is s e t  to  the 
s ta r t in g  address of the nex t higher numbered line. A fu r th e r  po in ter is 
then increm ented so as to  m aintain a record  of th e  nex t fre t, space 
available within the te x t  b u ffe r . Fig. 8 shows a sim ple example of the  
m ethod o f te x t  s to rage  which allows numbered lines to  be typed in in 
any sequence.
3.4. Variable Search and Storage Routines
V ariables encountered during the execution o f a FOCAL program  
a re  searched fo r  in the  area  of core allocated to  th e  variable s to rag e , 
using a re -e n tr a n t  variable search  routine (GETÀRG). If the variable 
is found within the ex isting  tab le , i t s  new value is  en tered  in to  the  tab le . 
If th e  variable is no t found within the tab le , th e  variable nam e, su b scrip t 
and flo a tin g  point value are  appended to  the end o f th e  variable tab le . A 
p o in te r is  used to  m aintain a record  of th e  nex t f r e e  location in the  




02*02 S B=2 Text en te red  in  the  o rd er o f
03 .03  S C=3 01 . 01 , 03 . 03 , 02 .02 , 16 .90
16 .90  T A,B,C,
Program S torage in  Text B uffer 
Location  Contents
0100 0114 P o in te r  to  s t a r t  o f nex t se q u e n tia l l in e  02*02
0101 0201 12 b i t  code fo r  l in e  number 01.01
0102 2340 S
01103 0175 A=
0104 6177 1 ca rriag e  re tu rn  ch a ra c te r  occupies two
0105 1500 s ix  b i t  by tes (code 7715)____________ _
0122 P o in te r  to  s t a r t  o f next seq u e n tia l l in e  lé*90 
0107 0603 12 b i t  code fo r  l in e  number 03*03




0114  0106 P o in te r  to  s t a r t  o f next se q u e n tia l l in e  03*03





0122 0000 Zero s ig n if ie s  h ig h est numbered l in e  in  b u ffe r




0127 0354 c ,
0130 4 177
013 1_______ 1500___________ _________________________________________
0132 F i r s t  f re e  lo c a tio n  in  b u ffe r  w il be 0132
Figure 8 ; An Example o f  FOCAL Text Storage
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Each variable occupies five fu ll words com prised of one word 
containing two stripped  ASCII ch a rac te rs  fo r  the  variable name; one 
word containing a single su b scrip t value in the range - 2047 and a th re e  
word floa ting  point number (one fo r  the  b inary e)gonent and two fo r  
the  m antissa). Fig.9.
3.5. In te rp re ta tio n
The in te rp re ta tio n  o f the  source code w ithin FOCAL is essen tia lly  
"tab le  driven " ,  i.e . th e re  is a tab le  in core which contains a l i s t  of 
valid command ch a rac te rs  and a second tab le  o f d ispatch addresses.
To in te rp re t  individual commands,FOCAL picks up the  strip p ed  
c h a rac te r  fro m  the  source code and re fo rm s  them  in to  fu ll 8 b i t  ASCII 
code. The f i r s t  non-space ch a rac te r  is te s te d  against the  l i s t  o f valid 
command ch arac te rs  (COMLST). If  a m atch  is  found a t  the  m^h location 
in the  l i s t ,  the  address in the m^h location in th e  second l i s t  (COMGO) 
is  used as the address to  which contro l m u st be tra n s fe r re d . A non 
m atching ch a ra c te r  will cause an e r ro r  condition. <
In addition to  the  l i s t s  fo r  commands, th e re  a re  also l i s t s  fo r  
functions (FNTABL, FNTABF), te rm in a to rs  (TERMS) and various o th e r 
operations within FOCAL. This type o f tab le  driven sy stem  makes i t  
p a rticu la rly  easy to  make m odification and add extensions to  the  FOCAL 
language.
3.6. Expression  and A rgum ent Evaluation
All a r ith m e tic  operations w ithin FOCAL a re  done in th ree  (or four) 
word floating  point binary a rith m e tic . These operations a re  controlled 
by a re -e n tra n t  evaluation rou tine. This routine, ECALL,ensures th a t  
higher p rio rity  operations are  com pleted b efo re  lower p r io r ity  operations 
and uses a so ftw are  push down l i s t  in o rder to  hold th e  lower p r io r ity  
ta sk s  in abeyance.
Function calls a re  in itia ted  fro m  th is  rou tine  by using hash coded 
function nam es, Fig.lO , and " s o r t  and branch" tab les . On en tering  the 
subroutine associa ted  w ith  the p a rtic u la r  function requ ired , the f i r s t  
argiurnent of the function call will have been evaluated and i t s  value s e t
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Location Contents
4000 0101 V ariab le  name AA in  s tr ip p e d  packed ASCII
4001 0000 S ubscrip t value 0
4002 0001
4003 2000 Three- uprd f lo a t in g  p o in t  v slue  1*0
4004 0000
4005 0261 V ariab le  name HI in  s tr ip p e d  packed ASCII
4006 0010 S u b sc rip t value 8
4007 7775
4010 3146 Three word f lo a tin g  p o in t value 0*1
4011 . 3146
4012 3200 V ariable name Z in  s tr ip p e d  packed ASCII
4013 0100 S ubscrip t value 64
4014 0004
4015 2400 Three word f lo a tin g  p o in t value 10*0
4016 0000
F igure 9 ; An Example o f FOCAL V ariab le  Storage
F unction  c a l l  PINK hash coding = 2613
C h arac ter ASCII code Hash code genera tion  
I  0311
N 0316 ((0311 ♦ 2) + 0316) ♦ 2 ) +0313
K 0313 =2613
Figure 10 ; G eneration o f Function C a ll  Hash Code
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up in the  floating  point accum ulator. Evaluation of f u r th e r  argum ents 
in the function call can be achieved by recalling  ECALL to  determ ine the 
value of a p a rtic u la r  expression. On com pletion of the  function 
a lgorithm , the  floating point accum ulator is  generally loaded w ith  the 
computed value ready fo r  use by ECALL when contro l is eventually 
re tu rn ed  to  ECALL.
The ac tua l a rith m e tic  is  accomplished by using a so ftw are  
floa ting  point package. This consists  of a decim al to  binary floating  
point input conversion ro u tin e , a binary floa ting  point to  decim al output 
conversion rou tine and a floating  point in te rp re te r  fo r  controlling the 
m ultip lica tion , division, addition, su b trac tio n  and exponentiation operations.
3.7. Pushdown L is t  Controls
The PDP-8 has no hardware s tack  m anagem ent to  allow fo r  
recursive  subroutine calls and th e re fo re  the  FOCAL in te rp re te r  includes a 
so ftw are  equivalent known as a pushdown l i s t .  The con tro ls  fo r  the  
pushdown l i s t  allow fo r  various operations such as saving d a ta  o r subroutine 
re tu rn  addresses on the  s tack  and the inverse operation as shown in F ig .l l .
)
3.8. Execution of a Program
Each s to red  line w ithin a FOCAL program  has w ithin i t  a po in ter to  
th e  position in core of the nex t higher numbered line. These po in ters 
a re  used to  contro l the sequence of operations w ithin the  program .
Wlien execution of a program  has been s ta r te d ,  unpacking te x t  
po in ters  a re  s e t  up to  access te x t  fro m  the s ta r t in g  line. Once th a t  
line has been com pleted, the po in ter a t  the  beginning of the line is used to  
r e s e t  the te x t  position to  the  s t a r t  of the  nex t line in th e  sequence.
I f  a program  branch occurs, i.e . a GOTO command or a DO command, 
tdie line number in th a t  command is decoded and used to  determ ine the  
position in core of the required branch line. O peration then proceeds from  
th a t  point in the  norm al fashion un til the  end of th e  program  is  encountered 
o r an e r ro r  condition is detected .
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C allin g  Sequence 
PCJSHA
O peration
Saves th e  accum ulator in  th e  next f re e  lo c a tio n  
o f  the  pushdown l i s t
POPA R estores the  l a s t  e n try  on th e  pushdown l i s t  
to  the accum ulator
PUSHF
ADDRESS
Saves th re e  successive d a ta  lo c a tio n s  s ta r t in g  a t  
ADDRESS on the  pushdown l i s t *  The d a ta  i s  generaly  
f lo a tin g  p o in t d a ta  , although i t  may he s e ts  o f 
p o in te rs  such as te x t  p o in te rs  eg. TEXT?
POPF
ADDRESS
R estores th e  l a s t  th ree  e n tr ie s  on the  pushdown 
l i s t  to  the  th re e  successive d a ta  lo c a tio n s  
s ta r t in g  a t ADDRESS
PUSHJ
ADDRESS
A subroutine c a l l  in  which the  re tu rn  address 
i s  saved on the pushdown l i s t  • ADDRESS i s  the  
s ta r t in g  address o f the req u ired  subroutine
POPJ Used in  con junction  w ith th e  PUSHJ c a l l  . Uses the 
l a s t  en try  on the pushdown l i s t  as the re tu rn  address 
from a subroutine
Figure 11 : Pushdown L is t  C on tro llin g  In s tru c t io n s
Program in s tru c t io n Best case Worst case
SET A =123o4 
SET A=B 
SET A=B*C
15 m secs 
8 m secs 
11 msecs
25 m secs 
30 m secs 
50 msecs
Figure 12 : Timing o f  FOCAL Commands
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3.9. E r ro r  Diagnostics
When an e r ro r  condition is d e tec ted , e i th e r  in syntax o r in an 
a r ith m e tic  operation , e.g. division by z e ro , a subroutine jump to  the 
e r ro r  recovery rou tine is forced.
This e r ro r  recovery routine p rin ts  ou t th e  p a r tic u la r  line 
number where the  e r ro r  occurred, and uses th e  subroutine re tu rn  
ad d ress , decoded from  12 b its  and p rin ted  as a line num ber,as an e r ro r  
code. The e r ro r  code can then be looked up by the u ser in a tab le  of 
supplied e r ro r  codes so th a t  the  exact position and n a tu re  of the  e r ro r  
can be found.
3.10. Editing F ac ilitie s
Once an e r ro r  has been d e tec ted  and lo ca ted , the  pow erful 
editing fa c ilitie s  of the  FOCAL in te rp re te r  may be used fo r  correction .
The MODIFY command can be used f o r  c o r re c ti i^  any p a r t  of any 
line within the program . This operates by copying th e  p a r ts  o f th e  line 
which are  c o rre c t on to  th e  end of the  te x t  b u f fe r ,  ch a rac te rs  may be 
added or deleted by using the norm al con tro ls of th e  MODIFY command.
This provides two lines with the  same line num ber, the old one o f which 
is  dele ted , the space recovered, and the  new line linked in to  i t s  c o rre c t 
sequence.
3.11. Control P o in te rs  fo r  FOCAL Program s
M ost of the p e rtin e n t inform ation  dealing w ith the  s ta te  of a 
FOCAL program  is kep t as a p a ram ete r s e t  w ithin the f i r s t  h a lf of page 0 
o f fie ld  O', thereby making them  accessible to  aU p a r ts  of the  FOCAL 
in te rp re te r .  These p a ram ete rs  include th e  s ta t e  of input and ou tpu t 
t e x t  p o in te rs , pushdown l i s t  p o in te r, floa ting  poin t accum ulato rs, 
variables and te x t  po in ters and ch a ra c te r  b u ffe rs .
3.12. Speed of O peration o f a FOCAL program
The re la tive ly  slow speeds of execution of FOCAL program m es can be 
mainly a ttr ib u te d  to  the manner in which variables a re  s to re d  and 
accessed and also the  use of so ftw are  rou tines fo r  a r ith m e tic  operations.
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F o r exam ple, th e  execution of a single flo a tin g  point operation 
can take  in th e  region o f 3 to  15 m seconds because of the conversions 
necessary  fro m  decimal to  binary floa ting  poin ts.
Fig. 12 shows th e  b e s t  and w o rs t case execution tim es of simple 
FOCAL s ta te m e n ts . The d ifference  in tim es taken  fo r  the  sam e 
command is dependent upon the  position o f th e  variable in the  symbol 
tab le . As each variable is encountered in the s ta te m e n t,  th e  variable 
search  rou tine  (GETARG) is used to  locate  the position o f th a t  p a rtic u la r  
variable. The search  always s t a r t s  fro m  the beginning o f the  tab le ; more 
tim e will th e re fo re  be required  to  loca te  the variable i f  i t  is s itu a te d  
near th e  end of the tab le.
L i t t le  tim ing advantage is gained even i f  constan ts  a re  expressed 
as  num bers r a th e r  than assigning th a t  value to  a p a rtic u la r  variable name. 
This is  due to  the f a c t  th a t  these  decimal fig u res  have to  be decoded from  
te x t  each tim e they a re  used w ith the  decim al to  binary conversion routine.
A nother reason fo r  th e  slow execution of FOCAL can be a ttr ib u te d  
to  t e x t  searching rou tines. If a program  o p era tes  sequentially fro m  i t s  
low est numbered line through to  i t s  h ighest numbered line , excess tim ing 
overheads a re  no t incurred as sequentially numbered lines a re  linked by 
p o in te rs . I f  however a program  branch is fo rced  fro m  a DO o r a GOTO 
command, the  in te rp re te r  m u st search  the te x t  b u f fe r  fro m  the 
beginning in o rder to  determ ine the position of th e  specified line befo re  
program  execution can continue.
M ost o f these  tim ing overheads can be sign ifican tly  reduced (52) 
by adhering to  a few sim ple programming ru les. For example
1. Those variables which are  going to  be used m o st o fte n
should be defined f i r s t  so th a t  they  a re  placed 
a t  the head of the  symbol tab le .
2. Those lines of FOCAL which a re  to  be used m o st o ften
should be given low est numbered lines so th a t  
they  will be encountered early  on in te x t  search  
rou tine .
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3.13. The In te rru p t P ro cesso r
The IDCAL in te rru p t p rocessor opera tes  using a skip chain type 
s tru c tu re  , i.e . te s tin g  i f  a p a rtic u la r  device has caused the  in te r ru p t  ^  
servicing i t  i f  i t  has and moving on to  another device i f  no t.
As FOCAL is intended as an o ff-lin e  sy stem , the devices in i t s  
skip chain includes te le ty p e  read e r, keyboard and high speed read er 
only. The in te rru p t p rocesso r is p rim arily  used fo r  the ch a ra c te r  
input and output fro m  and to  a te rm inal device.
3.14. C h arac te r Input and O utput
C h arac te r input and output rou tines fo r  use w ith a te le ty p e  
te rm in a l device are  in te rru p t driven, thereby allowing da ta  processing 
to  continue while transm ission  to  and fro m  th e  te le ty p e  device is being 
completed.
Input of ch a rac te rs  fro m  a keyboard device is in general a slow 
process. As the  com puter is norm ally awaiting da ta  befo re  proceeding 
on to  ano ther s tag e  of an operation the  d a ta  will be processed im m ed ia te ly , 
thus requiring only lim ited  buffering  space. The FOCAL in te rru p t p rocesso r 
uses a single word fo r  an input b u f fe r  which is used to  s to re  the  d a ta  
tem porarily  between being received and being used by the in te rp re te r .
D ata ou tpu t is however a d if fe re n t process and i t  is p re fe rab le  
i f  i t  can be done w ith  as l i t t l e  hold up in processing as is  possible. This 
is accomplished in FOCAL by having a 16 ch a rac te r  long ring b u ffe r  
operating on a f ir s t- in  f ir s t-o u t  b a s is , F ig .l3 . C harac ters  a re  loaded 
in to  the  b u ffe r  by the in te rp re te r  under program  contro l. The b u f fe r  
is  then em ptied fro m  the in te rru p t p rocesso r each tim e the  ou tpu t device 
signifies i t s  readiness to  receive ano ther ch a rac te r .
This type of procedure will reduce the  possib ility  of the sy stem  
becoming output bound, i.e . th e  system  w aiting fo r  the  ou tpu t device to  
become available ,although,w ith such a lim ited  size of b u f fe r ,  the  problem  































F igure 13 : O peration o f Output Ring B uffer
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CHAPTER 4.
In itia l M odifications to  FOCAL
38
4.1. Reconfiguration of FOCAL Softw are
FOCAL /69 was designed to  operate  in 4K of m em ory, F ig .6. and 
by using a s tandard  overlay could be extended to  use an additional 4K of 
m em ory. F ig .7. The 8K configuration, although allowing u se rs  to  
develop and execute quite large  p rog ram s, leaves very  l i t t l e  f re e  space 
fo r  system  m odification. A dm ittedly , two a reas of core a re  shown as 
being reserved  fo r  paper tape loaders b u t th is  would only have re leased  
one page of core which was in su ffic ien t fo r  a ll th e  proposed sy stem  
m odifications and enhancem ents.
C reating su ff ic ie n t f re e  core area  within the FOCAL in te rp re te r  
to  accommodate enhancements to  the  sy s te m ,th e re fo re  n ecess ita ted  
the reduction of the  core a rea  allocated  to  program  s to rag e  in some 
manner. F o r exam ple, new functions could have been located  in fie ld  1 
by reducing the am ount o f th a t  fie ld  allocated to  the  te x t .  A lternative ly  
new functions could have been added below the pushdown l i s t  in fie ld  0 by 
reducing the core allocated  to  variables and pushdown l i s t .  A th ird  method 
could have been to  re lo ca te  p a r t  of the  in te rp re te r ,  such as the  floating  
point package, in fie ld  1 thereby releasing space in fie ld  0 and reducing 
the area available fo r  te x t .  ^
AU. o f th ese  m ethods would have involved the  generation o f cross 
fie ld  linkages betw een the  original in te rp re te r  and th e  additional 
m odifications. They would also have rigidly defined s to rag e  allocated  to  
te x t  and variables, providing no sim ple m ethod o f im plem enting a fa c ility  
whereby a u ser could trad e  o ff  te x t  s to rag e  fo r  variable s to rag e  and vice 
versa.
A solution which was adopted,was to  modify th e  in te r p r e te r  so 
th a t  the variables (53) and pushdown l i s t  w ere re lo ca ted  underneath the 
te x t  in fie ld  1. This m ethod re leased  space in fie ld  0 enabling extensions 
to  be made to  the  in te rp re te r  w ithout the need fo r  c ro ss  fie ld  linkages.
Moving the  variables and pushdown l i s t  s to rag e  areas in to  the sam e 
fie ld  as the te x t  s to rag e  a re a , c rea ted  the  problem  of th e  division of 
available s to rag e  area  between the competing requ irem ents of t e x t ,  
variables and pushdown l i s t .
F ixed a reas of core could be allocated to  te x t  variables and push­
down l i s t  as in the  standard  8K version of IDCAL.This type of approach 
has the  advantage th a t  i  f  m odifications a re  made to  e ith e r  te x t  o r
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variables then the  o th e r is no t a lte red . I t  does however s u f fe r  fro m  
the  disadvantage of being inflexible and no t allowing u sers  to  tra d e  o ff  
te x t  space fo r  variable space and vice versa.
An a lte rn a tiv e  to  th is  approach would be to  dynamically allocate  
the  s to rag e  as in the  original version of 4K FOCAL.. This p a rtic u la r  
sy stem  s t a r t s  the variable sto rage  im m ediately a f t e r  the te x t  s to ragej 
th e  pushdown l i s t  builds back up fro m  the  end o f the allocated  area 
f o r  s to rag e  and an overflow e r ro r  condition occurs i f  e ith e r  variables 
encroach in to  pushdown l i s t  space o r vice versa . This m ethod does have 
the  advantage of using the  available core s to rag e  to  i t s  maximum b u t has 
th e  disadvantage th a t  existing variables a re  erased  fro m  the  s to re  i f  any 
o f the te x t  is  modified.
A m ethod which would overcome these  disadvantages would be one 
in which a u ser could se le c t f c r  h im self the  am ount of core to  be allocated 
to  te x t  and the  am ount to  be allocated to  variables and pushdown l i s t .
The s ta r t in g  point of the  variables l i s t  could then be changed a t  any tim e 
so as  to  accommodate e ith e r  m ore o r le ss  tex t,w  ith  no possib ility  of te x t  
m odifications erasing the variables l i s t .  T h is  m ethod would also allow a 
fo rm  of rudim entary  chaiiiirg of FOCAL program s as te x t  could be read  
in w ithout disturbing da ta  and da ta  could be read  in w ithout d isturbing te x t.
This m ethod was th e re fo re  adopted fo r  use in 8K FOCAL. An 
extension to  the  existing LIBRARY command was developed to  enable the 
core allocated to  te x t  and variables to  be se lec ted  by individual u se rs . 
F ig .l4 . shows examples of the  use o f the m odified LIBRARY command.
4.2. Saving and Editing Variable Tables
In a rea l-tim e s itu a tio n  requiring a m oderately  high da ta  acquisition 
r a te  i t  may no t be possible to  process da ta  a t  th e  same tim e as i t  is 
acquired. D ata may th e re fo re  have to  be accum ulated fo r  processing a t  
some la te r  tim e e ith e r  using an o ff-lin e  program  o r possibly ano ther 
com puter.
In o rder to  accom m odate re la tiv e ly  large  program s in the  lim ited  
space available w ithin the m inicom puter sy s tem , th e  fa c ility  whereby 
program  segm ents could be "chained" to g e th e r would be necessary . Program  
segm ents could then operate  on variables c rea ted  by a prev ious program
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♦L User types command c h a ra c te r  and ca rriag e  re tu rn
a t  th e  te rm in a l device
0100 S ta r t  o f  te x t
3000 End o f te x t
4000 S ta r t  o f v a ria b le s  l i s t
4000 End o f v a ria b le s  l i s t
; 3400 The : prompt i s  echoed by th e  computer to  s ig n ify
? 13*44 th a t  i t  i s  w aiting  fo r  th e  in p u t o f  a fo u r  d ig i t
♦ o c ta l number term inated  w ith  a ca rriag e  r e tu rn .
Any o th e r re p ly  w il l  cause th e  command to  be 
aborted
The e r ro r  code 13*44 i s  p r in te d  to  s ig n ify  th a t  
th e  command has been com pleted. The system re tu rn s  
to  command mode
♦L R epeating the  command shows th a t  the  s t a r t  o f the






:A Command aborted by use o f  an i l l e g a l  c h a ra c te r
and the  system re tu rn ed  to  command mode
Figure 14 : An Example o f the  use of the Modified LIBRARY Command
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segm ent. Having arranged te x t  and variables in th e  m anner described, 
modular program s can be accommodated by loading th e  various segm ents 
w ithout d isturbing the  variable l i s t .
In bo th  these  s itu a tio n s  i t  would be advantageous i f  the  data, 
tab les could be edited  and unwanted variables deleted . The rem ainder 
o f  the da ta  tab le  could then be saved e ith e r  as a hard  copy fo r  processing 
on another machine o r within the  existing variables area  fo r  use w ith  the 
subsequent program  segm ent.
4.2.1. Editing Variable Tables
An extension of the ERASE command was th e re fo re  developed and 
included so th a t  a named variable o r s tr in g  o f variables could be deleted 
fro m  the  symbol tab le.
The command is of the fo rm
E F , A, B , C.
w ljere th e  F is used as a sw itch to  the  extension o f the  ERASE 
command using w hat was previously an e r ro r  ex it. The r e s t  of the 
ch a rac te rs  are  those signifying the  variables to  be deleted  fro m  the  
symbol tab le separa ted  fro m  each o th e r by delim iting commas.
The command operates by overw riting th e  named variable w ith  
th e  la s t  variable in the l i s t ,  reducing the end of l i s t  po in ter by the  number 
o f words occupied by a  variable hence recovering the  available space. I t  
may be used as e ith e r  a d ire c t o r in d irec t command.
4.2.2. Saving Variable Tables
Saving a symbol tab le  could have been accomplished by adding a 
binary punch rou tine  to  FOCAL so as to  enable a symbol tab le to  be punched 
out in s tandard  binary fo rm a t. This would have th e  advantage of speed on 
punching and re-read ing  although i t  would n e c e ss ita te  a m odification of 
Binary Loader so th a t
' (a) I t  could be operated  fro m  a rem o te  console
(b) The da ta  could be read  in to  any specified  location
within fie ld  1. and n o t m erely  the position 
fro m  which i t  originated.
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An a lte rn a tiv e  procedure, which was eventually adopted, was to  
ïftôdify the  existing symbol tab le  dump ro u tin e ,(T  $) so th a t  the  variable 
ftames and values could be punched out in the  fo rm a t o f a d ire c t SET 
eôinmand. The tape produced would be in ASCII code and could be read  
m to  the com puter in th e  same m anner as th a t  used fo r  program  tapes.
The existing  symbol tab le  dump rou tine p r in ts  a l i s t  o f a ll variables 
held in tdie tab le  in tihe fo rm .
VA (XX) = 123.456 
VB (XY) = 789.C12
The su b scrip t being p rin ted  as a two d ig it in teg er number between 
bo and 99. Subscripts of g re a te r  value than 99 th e re fo re  are  p rin ted  
incorrectly ,w hich is u n sa tis fa c to ry  when the d a ta  tape is  to  be read  back 
in again.
This had to  be overcome by using the floa ting  poin t binary to  
d^ecimal conversion ou tpu t rou tine and avoiding th e  au tom atic  prin ting  of 
th e  "=" in th a t  rou tine.
The d ire c t SET command fo rm a t was achieved by forcing an S and a 
space to  be p rin ted  im m ediately befo re  the variable name.
)  ■
4.3. Input B u ffe r  Overflow
An annoying fe a tu re  of the  8K FOCAL system  is th a t  of the  input , 
b u f fe r  overflowing when paper tape program s and d a ta  tab les a re  read  in 
through the  lowspeed read er of a te le ty p e  te rm inal. As u se is  operating 
fro m  rem ote  te rm inals  will only have a low speed read er device available, 
i t  was im perative th a t  th is  problem be rem edied. This was p articu la rly  
tru e  when m odifications had been made to  allow fo r  the crea tion  o f ASCII 
coded data  tapes.
The problem  occurs because th e  lowspeed read e r is operated under 
in te rru p t control and no t under program  control.* C h arac te rs  can th e re fo re  
be  p resen ted  to  the  com puter fro m  the te le type  a t  a r a te  which is 
^dependen t of th e  r a te  a t  which the  ch a rac te rs  a re  processed. In the  
«ven t of a second c h a rac te r  being p resen ted  b efo re  a previous c h a ra c te r  
has been processed , an e r ro r  condition re su lts  and the  corresponding e r ro r  
code displayed a t  th e  te rm inal device.
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The problem  could be overcome by including a n o n -in te rru p t driven 
input ro u tin e , which could be se lec ted  fro m  the  te rm in a l p r io r  to  the  
reading in of punched paper tapes. Once the tape  had been read  in , the 
in te r ru p t  driven input rou tine could be re se lec ted .
An a lte rn a tiv e  procedure would be to  reduce c h a ra c te r  processing 
tim e . This could be achieved by p r eventing input c h a ra c te rs  fro m  being 
echoed on the te rm in a l p r in te r  device, thereby saving valuable processing 
tim e  and also avoiding th e  possib ility  of holding th e  sy stem  up in an output 
w a it loop.
This second a lte rn a tiv e  was chosen because o f i t s  ease of 
im plem entation. F ig.15 shows a flow sh ee t of th e  ch a rac te r  input routine 
used by the in te rp re te r  fo r  picking up ch a rac te rs  f o r  processing fro m  the 
input b u ffe r . The PRINTC subroutine caU is used to  load the  input 
c h a ra c te r  in to  the ou tpu t b u ffe r  fo r  echoing. If th e  PRINTC call could 
be bypassed on re q u es t, the problem  of input b u f fe r  overflow would be 
solved. F ig.16 shows the m odifications made to  th e  input rou tine in order 
to  im plem ent th is  f a c i l i ty .
If  a u se r w ants to  read  in a program  or d a ta  tape through the low 
speed rea d e r, a CTRL/X ch a rac te r  can be typed in a t  the  keyboard p rio r 
to  reading the  tape. The PRINTC caU within the  c h a ra c te r  input routine is 
rep laced by a NOP in s tru c t  so as to  elim inate c h a ra c te r  echoing. The echo 
fa c ility  can be re s to re d  by typing a CTRL/R c h a ra c te r  which has the  e f f e c t  
o f re s to r in g  the  PRINTC caU in the  ch a rac te r  inpu t rou tine.
4.4. Enhancement to  the MODIFY Command.
The existing MODIFY command aUows a u se r to  e d it any line w ithin 
an in d irec t program . There a re  however no editing fa c ilit ie s  available fo r  
re -arrang ing  the  o rder of the  lines in the  program  o r  fo r  copying lines.
Such a fa c ility  would be ex trem ely  usefu l p a rtic u la rly  during th e  creation  
and m odification  of program s.
On exam ination i t  was found th a t  such a fa c il i ty  could be included 
by adding a m inor m odification to  the  MODIFY command.
The MODIFY command operates by f i r s t  searching through the  te x t  
b u f fe r  fo r  the specified line o f the program . When found, a new line w ith
CHIN
G alled by READC
1 s t re tu rn  






Store ch a rac te r  in  char 
SORTC (ECHOLST)
2nd re tu rn  ch a rac te r  not in  l i s t  
PRINTC
Return
F igure 13 : O rig in a l ch a rac te r  Input Routine
c Entry
riNDEV
Store ch a rac te r  in  char
SORTJ (NEV/TERM NEWLIST)
V__
c t r l /R
w ith  a NOP 















Figure 16 ; M odification to  Input ro u tin e  CHIN fo r  Echo Suppression
45
th e  sam e line number is in itia ted  a t  the  end of the  c u rre n t te x t  b u ffe r . 
Typing in a search  ch a rac te r  causes the con ten ts of th e  old line to  be 
copied in to  the  location of th e  new line u n til a c h a ra c te r  corresponding 
to  the search  ch a rac te r  is encountered. M odifications a re  then made 
to  th e  line and the line te rm in a ted  im m ediately i f  a carriage  re tu rn  is 
typed or the r e s t  of the  old line copied i f  a line feed  is typed. The old 
line is then deleted  and th e  space recovered befo re  finally  linking the new 
line in to  i t s  c o rre c t sequence by se ttin g  th e  po in ter a t  th e  beginning of 
tbe  line as described ea rlie r.
If  however^ the  new line was provided w ith  a d if fe re n t line number 
fro m  the  original line, all the m odifications would be added to  th e  new 
line , the old line would no t be deleted and the new line would be linked 
in to  i t s  c o rre c t sequence.
F igs.17 and 18 a re  flow sh ee ts  o f the original MODIFY command 
and the  extension incorporated so as to  provide fo r  line copying.
The new MODIFY command has the  sam e syntax  as the  old MODIFY 
command fo r  line editing. However, fo r  line re -a rran g em en t the  command 
takes tdie fo rm
M nn.xx, oo.yy 
where nn.xx is the  required  line number f o r  the  new line 
oo.yy is  the  line number of th e  ex isting  line 
the  comma is used as a sw itch to  denote which type o f command i t  is, 
All the options available w ithin the original MODIFY command s t i l l  
apply to  the extended fo rm . The m odifications however a re  in se rted  into 
the  new line leaving the old line unchanged.
4.5. . Hard Copy F ac ilities  fo r  the ASK command
The existing ALTMOD reply in response to  an ASK command is  very 
usefu l. I t  does no t however echo th e  value of th e  variable to  the  user.
A nother problem encountered w ith th is  fa c ility  is th a t  the  ALTMOD 
key does no t appear on some of the m ore re c e n t te rm in a l keyboards.
I t  was th e re fo re  thought advisable to  a l te r  th is  response so as to  
overcome th ese  d e fec ts . The LINE FEED c h a rac te r  was se lec ted  as being 
a suitable rep lacem ent fo r  ALTMOD.
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MODIFY. Line Editing. Routine








2nd e x i t  l in e  found
’ S et up inpu t te x t  p o in te rs  to  c u rre n t end 
of te x t  b u ffe r
fS to re  l in e  number in  te x t  b u f fe r  and 
c re a te  rubout p ro te c tio n
o th e r or
search
c h a ra c te r
R e tu rn
^ c trI /1
ilin è  feed
c W g -------
c t r l / c
0
’ Read te le ty p e  s i l e n t ly  v ia  INDEV 
^’S to re  c h a ra c te r  in  branching  l i s t  UST3 
’’D isable  t ra c e  
GETC 
flRlNTC 
SORTJ (L1ST3 and USTGO) 
search  c h a ra c te r  
PACKC
r  ' "
READC
SORTJ (LlüT6 and SRNLST)
\
l e f t  arrow
R eset in p u t te x t  p o in te rs  
to  overw rite  f i r s t  p a r t  o f th is  
l i n  •




Save l in e  number on pushdown l i s t
iSPNOR




2nd e x it
R estore l in e  number from pushdown l i s tE rro r
Omod
Figure 18’ : Extension to  MODIFY Command fo r  Line D uplication
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By responding to  an ASK command w ith  a line feed , the value of 
th e  required  variable is obtained fro m  the  symbol tab le  and loaded in to  
the  floa ting  point accum ulator. The binary to  decim al ou tpu t conversion 
ro u tin e  is  used to  p r in t th e  value o f th e  variable on the  te rm in a l p rin ted  
device. P rogram  contro l is  eventually re tu rn ed  to  th e  ASK command 
leaving th e  value of th e  variable unchanged. This operation is as 
described in re fe ren ce  54
4,6. P ro tec tio n  System s
4.6.1. Command B u ffe r  Overflow
When a ch a rac te r  s tr in g  is p resen ted  fro m  a te rm in a l keyboard 
device, i t  is  in itia lly  en tered  in to  th e  command input b u f fe r  fo r  the  
reasons ejq)lained ea rlie r. In the original version of 4K FOCAL the command 
b u f fe r  was p ro te c ted  against overflow. In the  8K version of FOCAL/69 th is  
p a r tic u la r  fa c ility  was o m itted . This was probably due to  the d ifficu lty  
o f im plem enting the  system  w ith the  d if fe re n t core configuation. The 
command b u ffe r  was th e re fo re  extended to  accom m odate about 100 
ch a rac te rs  which is g re a te r  than the  number of ch a rac te rs  which can be 
placed on a single te le type  line.
In an e f f o r t  to  make FOCAL as secure as possible, i t  was thought 
th a t  command b u ffe r  p ro tec tio n  would be a desirab le f e a tu re , p articu la rly  
as overflow causes corruption of th e  sy stem .
As the  new system  incorporated  a te x t  variab les and pushdown l i s t  
s to rag e  system  sim ila r in many re sp e c ts  to  th a t  encountered in 4K FOCAL, 
command b u f fe r  p ro tec tio n  was im plem ented in an iden tical m anner.
4.6.2. Power fa ilu re  P ro tec tio n
The cen tra l p rocesso r of the  PDP-8 includes an optional power 
fa ilu re  p ro tec tio n  sy stem , which causes a program  in te r ru p t i f  the  input 
voltage level is reduced below a ce rta in  level. By including a power fa ilu re  
de tec tion  in s tru c tio n  in the in te rru p t p rocesso r skip chain active  program  
re g is te r s  may be saved in known locations so as to  avoid corruption while 
th e  p rocesso r power is o ff.
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When power is re tu rn ed  to  th e  sy stem , th e  p rocesso r is 
im m ediately s ta r te d  a t  location 0000 fie ld  0 . Control can then be 
tra n s fe r re d  to  an au tom atic  r e s t a r t  rou tine which will r e in s ta te  the 
ac tiv e  program  re g is te r .  P rogram  operation can then be continued 
fro m  the  point where the  in te r ru p t occurred.
4.7 . New Functions
A new random num ber g en era to r function FRAN was included in 
th e  sy stem , based upon the techniques explained in r e f  .55.
4.8. Summary
These m odifications w ere im plem ented by using a PAL III 
A ssem bler available on the  U n iversity 's  I .C .L . sy stem  450 com puter (56), 
à  s tandard  binary coded punched paper tape being produced as an overlay 
to  4K Focal 1969. The lis tin g s  of th e  m odifications have been produced 
on m icrofiche to g e th e r w ith  supporting docum entation in the fo rm  of 
flow sheets which can be found in Appendix C. The 8K core configuration
produced is shown in figure 19 and the sy stem  was re leased  as 8K FOCAL
t
EXTENSIONS. ^
The system  enhancem ents provide u sers  w ith  an o ff-lin e  
conversational programming sy stem  which can be operated  fro m  rem ote  
te rm in a ls . The inclusion of so ftw are  to  handle power fa ilu res  essen tia lly  
means th a t  the com puter can be s ta r te d  and stopped fro m  a single mains 
sw itch. There is no longer any need fo r  te rm in a tin g  program  operation on 
power down and r e s t a r t ! n  g program  operation a f t e r  power up as th e  active 
r e g is te r  of the  com puter a re  s to red  and reloaded au tom atically . The 
sy stem  can th e re fo re  be used when required w ithout the  need f o r  sp ec ia lis t 
personnel to  in itia lise  o r h a lt the  com puter.
Approximately 800 locations of core a re  re leased  w ithin the  sam e 
fie ld  as the  in te rp re te r ,  making th is  p a rtic u la r  configuration a su itab le  
s ta r t in g  point fo r  f u r th e r  m odifications to  allow f o r  re a l- tim e  programming.
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A Single U ser Real Time Program m ing System
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5.1. Real-Tim e Program m ing
The basic requ irem ents of a re a l- tim e  operating sy stem  have 
been outlined  in the  in troduction. In sum m ary, th ese  a re :-
1. The sy stem  should provide u sers  w ith  tim ing fa c ilit ie s
o f two types:
(a) The ab ility  to  access or record  cu rren t and/or
elapsed tim e
(b) The a b ility  to  m ultiplex data, enabling da ta  signals
to  be sampled o r tra n sm itte d  in a synchronous 
manner. This p a rtic u la r  tim ing fa c ility  should 
also include some fo rm  of p r io r ity  sy stem  
whereby p re -se lec ted  signals can be sampled o r 
tra n sm itte d  in p reference  to  o th e r signals.
2. The sy stem  should provide u se rs  w ith  a means of communi­
cation w ith  peripheral devices through the  com puter 
in te rfa c e  sy stem , thus allowing signals to  be obtained 
fro m  o r tra n sm itte d  to  ex te rn a l devices.
3. The sy stem  should provide fa c ilit ie s  fo r  linking tim ing,
m athem atica l and in p u t/o u tp u t functions fo r  the 
purpose of control.
4. The sy stem  should provide u se rs  w ith the  ab ility  to
com m unicate w ith a program  which is being executed, 
enabling p a ram e te rs  used w ithin the program  to  be 
a lte re d  w ithout causing te rm in a tio n  of program  
operation.
The development of the  FOCAL in te rp re te r  as an on-line 
programming system  th e re fo re  involved the  in teg ra tion  of hardware 
driving rou tines in to  the in te rp re te r  s tru c tu re . In o rder to  accom plish 
th is ,  i t  was necessary  to  be aware o f :-
(a) The hardw are available and the m ethods by which data  could
be tra n sm itte d  to  or acquired fro m  p a rtic u la r  item s 
of hardw are.
(b) Manipulation rou tines available w ithin the  in te rp re te r
s tru c tu re  so th a t  data  transm issions to  o r fro m  the  
hardw are could be provided fo r  in a fo rm  acceptable
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to  the  u se r  u tilizing as f a r  as possible existing 
a r ith m e tic  fa c ilit ie s  and c h a ra c te r  handling 
fa c ilit ie s .
5.2. The PDP-8 Com puter and In te rface  System
The in te rn a l mode o f operation of the PD P-8 com puter, i.e . the  
m anner in which in stru c tio n s  a re  decoded and used by the in tern a l 
r e g is te rs  is described fuUy in re fe ren ce  58. F ig .20 is a schem atic 
diagram  of the PDP-8 configuration showing all th e  m ajor in te rn a l 
re g is te r s  of the  system  and the flow of data  to  and fro m  them .
5.2.1. Device Selection and Channel Addressing
The associa ted  in te rfa c e  system  is based upon th e  K ent K70 
in te rfa ce  (36) and is used fo r  the tim ing , buffering  and contro l of da ta  
t ra n s fe r  to  and fro m  the  p rocesso r accum ulator. The tra n s fe r s  a re  
perform ed in response to  an in p u t/o u tp u t t r a n s f e r  in stru c tio n  (lOT 
in s tru c tio n , o c ta l code 6) issued by the  com puter program .
The issuing o f an lOT in stru c tio n  causes one o r m ore in p u t/o u tp u t 
pu lses , used fo r  flag  operations and to  in itia te  d a ta  t r a n s f e r s , to  be 
sen t to  the  device se le c to rs  w ithin th e  in te rface . Each device 
se le c to r is also connected to  an appropriate  binary p a tte rn  of b its  
3 through to  8 of the  memory b u f fe r ,  so th a t  i t  is ac tiv a ted  in response 
to  the appearance of i t s  own code in the memory b u ffe r .
F o r example, the  d ig ita l input sy stem  has been allocated the 
device code of 17. To read  the s ta tu s  of an ex tern a l co n tac t in to  the  
accum ulator fro m  the d ig ita l input sy stem , the o c ta l in stru c tio n  6172 is 
issued from  the program . The f i r s t  d ig it, 6, is used by the  in te rn a l 
r e g is te r  of the  com puter to  denote th a t  an 10T in stru c tio n  has been issued. 
The second and th ird  d ig its a re  used by the  device se le c to rs  to  determ ine 
which p a rticu la r  I/O device is required . The fo u rth  d ig it is used to  
generate  the lOP pulse required  fo r  reading the  s ta tu s  of the  ex terna l 
co n tac t in to  the  accum ulator.
This m ethod of device selection  would allow up to  64 peripherail 
devices to  be se lected  if  some of the device codes w ere no t used fo r  
in terna l options in the  PDP-8 and fo r  standard  peripheral devices. F or 






























m anipulation requ ire  lOT in stru c tio n s  and device codes. Standard 
peripherals  such as m agnetic s to rag e  devices, p h o to e lec tr ic  re a d e r, 
d a ta  fo r  which does no t pass through the K70 in te rfa c e  sy stem , 
req u ire  the use of o th e r device codes.
The number of device codes available fo r  data  transm issions 
through the in te rfa c e  is  th e re fo re  lim ited . In o rder to  extend the  I/O 
capabilities of th e  com puter, the in te rfa c e  has been provided w ith  a 
channel address selection  system . This allows m ore than one of the  
sam e type o f peripheral to  be individually addressed fro m  the  sam e 
device se lec to r.
The channel address of the  device required  is loaded in to  th e  
accum ulator and tra n s fe r re d  to  a 6 b i t  ou tpu t b u f fe r  r e g is te r  under 
program  control. B inary to  o c ta l decoding of th e  r e g is te r  is 
accomplished by hardw are to  give ou tputs on a 16 line address highway 
f o r  th e  selection  of the  required device. The lOT fo r  the  device can then 
be issued so as to  provide e ith e r  a data  t r a n s f e r  to  o r fro m  the  device 
o r to  determ ine the  s ta tu s  of the  device.
5.2.2. Input Devices ^
The following input devices are  linked to  the  cen tra l p rocesso r 
u n it by the  K70 in te rfa c e  system .
1. A successive approxim ation analogue to  d ig ita l converter as
an in teg ra l p a r t  of the cen tra l p rocessor. Solid s ta te  
addressable single pole scan sw itches a re  allowed to  tim e 
share  the converter. An input signal in th e  range O to  5v 
produces a O to  10 b i t  value in the  p rocesso r accum ulator. 
The conversion tim e  is approxim ately 40/u.seconds.
2. A d ig ita l input sy stem  fo r  the  detec tion  of on -o ff or
flee tin g  co n tac t closures. The inputs a re  arranged in 
groups of fo u r, each group of inputs being address 
selectab le . Isolation between the p lan t equipm ent and 
the  com puter is provided by in terposing relays.
3. An input counter card system  fo r  accepting inputs fro m
transducers w ith a frequency m odulated output. The 
12 b i t  input counters are  addressable and a re  read  and 
r e s e t  by program .
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4. An extension of the input counter card  sy stem  fo r  accepting 
binary  se ria l da ta  tra n sm itte d  fro m  a d ig ita l panel m e te r  
(59). The se ria l data pulses fro m  aU d ig ita l panel m e te rs  
a re  read  in to  the input counter card  on channel address 0 
when requested  by program . Each panel m e te r  is  also 
individually addressable. The conversion o f an analogue 
signal in th is  fashion takes approxim ately 60Aiseconds.
5.2.3. O utput Devices
The following output devices are  linked to  th e  ce n tra l p rocesso r 
u n it by th e  K70 in te rfa c e  sy stem :-
1. A pulse w idth modulation system ,capable o f providing fo r
th e  ou tpu t of da ta  generated  by program  fo r  the  purposes 
o f con tro l and display. A seven b i t  ou tp u t word comprising 
o f six  da ta  b i ts  and one sign b i t  can be se n t to  one o f the 
addressable counters under program  contro l. The data  
could re p re se n t fo r  example, th e  change in position of a 
con tro l a c tu a to r  calculated by an in crem en tal con tro l 
algorithm . An ou tpu t voltage signal is then oui:put on one 
o f two lin e s , depending upon tbe s ig n , u n til th e  counter 
has been decrem ented to  zero by an ex te rn a l clock.
2. A d ig ita l ou tput system  fo r  switching purposes. The ou tpu ts
a re  arranged in groups of 4, each group being address 
se lectab le  by program . A fo u r b i t  ou tpu t word s e t  by 
program  is used to  se le c t the  s ta tu s  of each group of 
4 changeover re lays.
3. An alarm  output system  fo r  signalling the  occurrence of
a fa u l t  cond ition  to  the user. The a larm s are  arranged in 
groups of fo u r, each group being address selectab le . A 
fo u r b i t  ou tput word is used to  s e le c t  th e  s ta tu s  of each 
group of fo u r alarm  annunciators. Individual a larm s a re  
s e t  by providing th a t  p a rtic u la r  a la rm  w ith  a 0 fro m  the  
accum ulator. S etting  the  resp ec tiv e  b i t  in the  accum ulator 
to  a 1 will c lear the  alarm  signal.
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4. A d ig ita l to  analogue conversion sy stem  fo r  ou tpu t to  
analogue recording devices. The 9 b i t  co nverter is  
loaded fro m  the accum ulator under program  contro l 
and the  converter ou tpu t is then held on one o f the 
addressable s e t  and hold am plifiers. The conversion 
process takes approxim ately 200/6 seconds providing 
an analogue ou tpu t signal in the  range 0 to  5v w ith  a 
maximum d r i f t  r a te  of le ss  than 5 miUi*volts p e r  second.
5.2.4. O ther P eripheral Devices
O ther peripheral devices available on the com puter system  a re :-
i. A high speed photo e le c tr ic  read e r, capable o f reading
punched paper tape a t  a maximum r a te  of 500 ch a rac te rs  
per second.
ii. A high speed paper tape punch operating a t  a maximum r a te
of 50 ch a rac te rs  p er second.
iii. Two standard  ASR 33 te le type un its.
Figure 21 shows a schem atic diagram  of the  com puter system  and 
i t s  associated  hardware. ^
5.2.5. In te rru p t System
The standard  PDP-8 sy stem  allows any ex terna l device connected 
to  the  in te rru p t bus to  in te rru p t the  program  a t  any tim e. This causes 
a tem porary  h a lt so th a t  th e  in te rru p t may be serviced. In addition to  
th is ,  the  in te rface  provides a fo u r level p rio rity  in te rru p t sy stem  capable 
o f being enabled o r disabled a t  any level by program . E x terna l devices 
a re  hard wired to  a p a rtic u la r  p r io r ity  level.
5.2.6. System  Clock
T he in te rfac e  provides a re a l- tim e  clock driven by the  50 cycle 
mains frequency p ro tec ted  against spurious pulses by a phase locked loop. 
The clock, which is e ssen tia l to  on-line program m ing, is connected to  th e  
in te rru p t bus and generates in te rru p ts  a t  fixed tim e periods. The period 
a t  which the clock provides in te rru p ts  is sw itch se lectab le  in the range 











5.2.7. F au lt P ro tec tio n  System s
The com puter system  has been provided w ith  lim ited  fa u lt  
p ro tec tion  in the  fo rm  of a power fa ilu re  de tection  system . As 
described previously, the detection  of a low voltage condition, causes 
a program  in te rru p t which can be serviced within an in te r ru p t p rocessor 
so as to  save active program  re g is te r .
The pulse w idth modulation output sy stem  (output counter cards) 
is designed such th a t  i t  will fa il  sa fe . Additional p ro te c tio n  against 
spurious outputs and tim ing  e r ro rs  is provided by the  "watchdog tim er" . 
This disables the output o f the sign b i t  o f the signal fro m  the  output 
counter card if  the  tim e r  is no t updated a t  regu lar 1 second in terv a ls .
I t  is necessary  to  include a routine w ithin the  in te rru p t p rocesso r fo r  
re se ttin g  the tim e r  every second. In doing so , n o t only is the  output 
sy s te m  p ro te c ted , b u t a visual d isplay is obtained as to  the  c o rre c t 
operation of the clock.
In order to  assess  the accuracy of the  analogue to  d ig ita l co n v erte r, 
standard  signals have been provided on channel address 0 and 1. These 
signals can be read in by th e  u se r and compared w ith  known values.
A s im ilar technique has also been employed on the  d ig ita l panel 
m e te r  sub system .
5.3. Real-Tim e Softw are
The following section  discusses the me thods available fo r  adapting 
FOCAL to  provide a re a l- tim e  operating system . The reasons why a 
p a rtic u la r  method was adopted a re  described and th e  ways in which they 
can be used a re  illu s tra te d .
The m odifications were accomplished by using the  PAL III cross 
assem bler available on the  U niversity  ICL sy stem  450 com puter. The 
m odifications produced fo r  8K FOCAL Extension w ere also included so as 
to  produce a binary coded paper tape overlay fo r  4K FOCAL 1969. The 
lis tin g s  have been included on m icrofiche and supporting docum entation in 
the fo rm  of flow sheets have been included in Appendix D.
5.3.1. C u rren t o r Elapsed Time
The re a l- tim e  clock available in the  com puter in te rfa c e  provides 
program  in te rru p ts  a t  a sw itch selectab le r a te  . There a re , however, no 
ex terna l hardware re g is te r s  available fo r  m aintaining a record  of cu rren t
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or elapsed tim e . If  a record  of c u rre n t tim e was to  be k e p t, th e re fo re , 
a serv ice routine m u st be included w ithin the in te r ru p t p rocesso r in 
o rder to  count the number of clock in te rru p ts . O ther ro u tin es m u st then 
be incorporated  in to  the in te rp re te r  s tru c tu re  so th a t  th e  clock counters 
may be accessed by the  user.
This could have been achieved in e ith e r  of two ways:-
1. By summing the  clock in te rru p ts  received in a m ultiple word
counter, i.e . fo r  a clock in te r ru p t r a te  of 100 p er second, 
a single 12 b i t  word would provide an elapsed tim e record  
of approxim ately 0.7 m inutes. T herefo re  a 36 b i t  counter 
would be required to  extend the  elapsed tim e  re g is te r  in to  
days. The elapsed or c u rre n t tim e  reco rd  in te rm s  of days, 
h o u rs , e t c . , would then require  th e  decoding of the  counter 
upon a req u est fro m  the  user.
2. By providing a se rie s  of counters f o r  f ra c tio n s  of a second,
seconds, m inu tes, hours and days. Each clock in te rru p t 
would be used to  decrem ent the count in the  frac tio n s  of 
a second counter. When a counter has been reduced to  zero 
i t  would be provided w ith a r e s e t  value and cause the next 
higher counter to  be decrem ented by one un it. Thus a 
continuous record  of tim e since in itia lisa tio n  would be 
available fo r  access by users .
The f i r s t  o f these  methods although requiring le ss  s to re  and time in 
th e  in te rru p t p rocesso r would have required m ore handling rou tines in o rder 
to  decode the to ta l  in te rru p t count in to  absolute te rm s . The counter 
would also requ ire  re se ttin g  each tim e the clock in te r ru p t r a te  was changed, 
unless a sep ara te  counter was included fo r  counting in te rru p ts  p e r second 
as in the case of th e  a lte rn a tiv e  procedure.
The second m ethod was th e re fo re  chosen fo r  im plem entation within 
the  in te rru p t p rocessor of FOCAL. The counters w ere made accessible to  
u se rs  by the  use of a new function FTIM. By using the FTIM function as 
shown in F ig.22, u sers  can access any one of the  fo u r counters available, 
e.g. S Z = FTIM (0 MNS) would s e t  the  value of Z to  the  c u rre n t value of 
th e  m inutes counter.
I t  has also been arranged th a t  the coun ters may be in itia lised  to  any 
value by use of a m ultiple argum ent varia tion  of th e  FTIM function , fo r  
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to  th e  values of seconds, m inutes, hours and days designated by the 
argum en ts  A, B , C, D respectively . The OST argum ent had to  be 
included as a sw itch to  provide th is  fac ility . The variable assigned on 
th e  l e f t  hand side of the s e t  command is used as a dummy variable fo r  
th e  function call, and has no p a rticu la r  significance.
5.3.2. Synchronous D ata Scanning
In providing the  system  w ith fa c ilitie s  fo r  synchronous data  
acquisition, i t  was necessary  to  determ ine the e f f e c ts  e r ro rs  in tim ing 
have on data acquisition and signal reconstruc tion . The need to  provide 
p recise  tim ing would no t only a f f e c t  the  m ethods by which a synchronous 
sampling scheme could be im plem ented b u t would also a f f e c t  the modes 
by which data could be acquired from  peripheral devices.
A sim ulation study o f the e f fe c ts  of e r ro r s  in tim ing on signal 
recovery was th e re fo re  made and the re su lts  compared w ith  th eo re tic a l 
solutions (70, 71).
The m ethod re su lts  and conclusions a re  described fully  in 
Appendix B. In sum m ary, the  re su lts  of th e  sim ulation study agreed w ith 
the  th eo re tic a l work in th a t  the  maximum am ount of e r ro r  which can be 
to le ra te d  is dependent upon the  maximum frequency con ten t of th e  signal 
being p ro cessed . I t  was also concluded th a t  fo r  a sy stem  which is 
essen tia lly  going to  be used fo r  re la tive ly  slow d a ta  r a t e s , synchronous 
sampling could be s e t  up by use of clock flags accessib le to  t^ e  u ser 
f ro m  functions in the  high level language. Input and output transm ission  
to  peripheral equipment could then be perform ed d irec tly  w ithout the use 
of clock driven handlers.
I t  was th e re fo re  arranged th a t  a u ser may define th re e  scanning 
flags w ithin the  in te rru p t p rocessor. Counters w ithin the  in te rru p t 
p ro cesso r a re  s e t  by th e  u se r and decrem ented by one u n it every clock 
in te rru p t. When a counter has been decrem ented to  ze ro , a so ftw are  flag  
associa ted  w ith the  p a r tic u la r  counter is s e t ,  and th e  counter r e s e t  to  i t s  
in itia l value. Scan flags a re  cleared e ith e r  by the nex t clock in te r ru p t i f  
they have n o t been accessed by the u sers  program , o r by accessing the  scan 
flag  fro m  the  program .
A new function has been included in FOCAL to  p erfo rm  these  
operations.
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The scan flags m u st be in itia lly  s e t  up by defining the  argum ents 
o f a m ultiple argum ent FLAG function in the following m anner:-
4.01 S N = 4 ; S A = 1 ; S B = 2 ; S C = 4
4.02 S Z = FLAG (O ST , N, A, B , C)
The OST argum ent is  used as a sw itch to  denote th a t  the  rem aining 
argum ents a re  to  be used fo r  s e tt in g  up the  scan flag  counter.
N is an argum ent used to  denote the num ber of in te rru p ts  
generated  by the  clock every second. In the  above exam ple, the clock 
w ill have been s e t  to  4 in te rru p ts  p er second.
The argum ents A, B and C define the pe riods a t  which the  scan 
flag s  will become s e t  in te rm s a t  num ber of clock in te rru p ts . In the above 
exam ple, the scan flags A, B and C will th e re fo re  appear a t  % second,
% second and 1 second in te rv a ls  respectively .
In terrogation  of the  scan flags has been im plem ented by means 
o f a single argum ent FLAG function . If  the scan flag  being in te rro g a te d  
is  found s e t ,  the floa ting  poin t accum ulator is s e t  to  a negative value, 
thus making i t  possible to  use th e  IF command in FOCAL f o r  in te rro g a tio n , 
e .g .:-
10.01 I (FLAG (A)) 10.03 , 10.05 , 10.05 ^
10.03 DO 11 % second ta sk
10.05 I (FLAG (B)) 10.07 , 10.09 , 10.09
10.07 DO 12 % second ta sk
10.09 I (FLAG (C)) 10.11, 10.01 , 10.01
10.11 DO 13 ; G 10.01 1 second ta sk
The negative value of th e  floa ting  point accum ulator causes the 
f i r s t  ex it of the IF command to  be taken if  the  so ftw are  scan flag  is 
found in a s e t  condition.
The FLAG function makes use of the  s o r t  and branch rou tines 
available in FOCALj .the argum ent o f the  single argum ent function being 
te s te d  against a l i s t  of possible flag  values. If a m atch  is  no t found, an 
e r ro r  condition re su lts . If a m atch  is found, then th e  cu rre n t value of 
th a t  p a rtic u la r  scan flag  is obtained. This s tru c tu re  will th e re fo re  no t 
allow two flags to  be s e t  to  th e  sam e period, as the  f i r s t  one will always 
be found as the  m atching value in the  tab le.
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As a ce rta in  degree of e r ro r  is acceptable in synchronous 
sampling (Appendix B), a synchronous sampling scheme could be 
achieved by using the FTIM function by a d ifferencing  process fo r  
example
8.01 S Z1 = FTIM(OSCS) In itia lisa tio n
8.03 S Z2 = FTIM(OSCS) )
8,05 I ( Z2-Z1-1) 8.03 , 8.09 , 8.99 j Timing w ait loop
8.07 I ( Z2+59-Z1) 8.99 , 8.09 , 8.03 )
8.09 S Z1 = Z2
8.40 G 8.03





Approximate tim ing e r ro rs  of 40 to  50 m seconds would be incurred 
by th e  evaluation processes needed in such a system . However th is  would 
be acceptable fo r  slow data  ra te s .
5.3.3. P rogram  P rio r ity  System  s
A certa in  degree of p rio rity  s tru c tu re  could be achieved w ith  the 
FLAG function w ith su itab le program  organisation. In the  example shown 
below, FLAG A is in te rro g a ted  a f t e r  the  completion of any of the  ta&ks 
associa ted  e ith e r  w ith FLAG A o r e ith e r  of the  o th e r two flags. This 
type o f s tru c tu re  would increase the possib ility  of th e  ta sk  associa ted  
w ith  FLAG A being executed in p reference  to  any of th e  ta sk s  associated
w ith  the  o ther flags.
10.01 I (FLAG (A)) 10.03 , 10.05 , 10.05
10.03 D 11 ; G 10.01
10.05 I (FLAG (B)) 10.07 , 10.09 , 10.09
10.07 D 12 ; G 10.01
10.09 I (FLAG (C)) 10.11 , 10.01 , 10.01
10.11 D 13 ; G 10.01
This arrangem ent is  however o f no use in a s itu a tio n  where batch  
d a ta  fro m  an experim ent run is being processed a t  the  sam e tim e  as the  
experim ent is being controlled. This s itu a tio n  requ ires th a t  the 
processing be te rm in a ted  whenever a con tro l scan is necessary  and would 
be im possible w ith  the  existing flag  s tru c tu re .
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5.3.3.1. FOCAL Break P oin ts
In general, FOCAL's in te rn a l subroutines are  non re -e n tra n t .  
However, once a line of te x t  has been executed th e  rou tines can be used 
again w ithout the  need fo r  saving subroutine re tu rn  addresses and 
p a ram e te r used w ithin the  routine. There a re  th e re fo re  two convenient 
b reak  points within FOCAL where a running program  may be held up, a 
d if fe re n t section  of the  program  executed, and then re tu rn  to  the  
original FOCAL sequence.
One of these  points is a t  the  s t a r t  of each line o r sub line (i.e. 
a section  separa ted  by a ; te rm in a to r) and the o th e r  is a t  the  end of a 
com plete line b efo re  con tro l is tra n s fe r re d  to  th e  nex t FOCAL line. The 
second of these  two break points requ ires  only th e  saving of a single 
p a ram e te r, the po in ter a t  th e  s t a r t  of the  c u rre n t line used fo r  pointing 
to  the  next line. The f i r s t  p o in t requ ires  the  saving of te x t  manipulation 
po in ters  in addition to  the  saving of the  po in ter to  the nex t line.
A t one of these  b reak  po in ts, i t  would be possible to  tem porarily  
hold th e  operating sequence of a FOCAL program  in o rder to  check the s ta tu s  
o f some ex terna l tr ig g e r  o r clock flag . If  th is  was found in a s e t  s t a t e , 
th e  po in ters of the  operating background program  could be held, a 
sep a ra te  foreground section  of the program  executed, eventually re s to rin g  
th e  program  po in ter of background program  so th a t  execution could continue. 
The foreground program  could be im plem ented by forcing  a DO command on 
a p a rtic u la r  group o f s ta te m e n ts  as shown in re fe ren ce  44.
F or reasons of sim plicity , i t  has been arranged th a t  a t  the  end o f 
every line, a so ftw are  flag  s e t  every second in the  in te rru p t p ro cesso r, 
should be in te rro g a ted . When the flag  is found in a s e t  condition, the  
execution of group 31 commands has been forced  by use of a DO subroutine 
call b e fo re  continuing on to  th e  nex t line in the  original sequence. If the  
flag  is no t s e t  then the background program  will continue in the  m anner 
p rescribed  by the  sequence in the  FOCAL program .
This arrangem ent allows an e ssen tia l foreground ta sk  to  be 
executed in p reference  to  a background ta sk  which takes up any spare tim e 
available. I t  can also be used as a p rio r ity  tasking sy stem  and an example 
is  given in Fig.23. I t ’s main disadvantage becom es apparen t i f  the  ta sk  
to  be executed is longer than 1 second, in which case group 31 will be 
executed a t  m ultiple levels which the  sy stem  is never able to  com plete.
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10.01 I (FLAG (A)) 10.10
10.03 R
10.10 S M = 1
10.12 S X2 (M) = FIN (MV (M) , CH (M))
10.14 S DP = KG(M) * ((X1(M)-X2(M))+A * (SP(M)-X2(M))/(N * IT (M))))
10.16 S OT (M) = OT (M) + DP
10.18 I (FABS (OT (M)) -  512) 10.22 , 10.22 
10.20 S OT (M) = 512 * FSGN (OT (M))
10.22 S XI (M) = X2 (M)
10.24 S M = M + 1 ; I (M-MX) 10.12 , 10.12 
10.26 R
31.01 S MM = 1
31.03 I (50 -  FABS (OT (MM))) 31.07
31.05 S OR = OT (MM) ; G 31.10
31.07 S OR = 50 * FSGN (OT (MM))
31.10 S OT (MM) = OT (MM) - OR
31.12 S QA = FINC (CO (MM) , OR )
31.14 S MM = MM + 1 ; I (MM-MX) 31.03 , 31.03 >
31.16 R
NOMENCLATURE
A = Number of clock pulses between appearances of flag  A.
M , MM C ounters fo r  con tro l loops
MX T o ta l number of contro l loops
X2 (M) XI (M) C urren t m easured value and la s t  m easured value of contro l 
loop
MV (M) Input device required
CH (M) Channel address of input
KG (M) Gain fa c to r  of con tro l loop
SP (M) S et point of con tro l loop
IT (M) In tegral action tim e  of con tro l loop in seconds
N Number of clock pulses per second
OT (M) Summed ou tpu t values
DP Tem porary s to re s
OR
CO (M) O utput channel address
Fig.23 : PCI C ontrol A lgorithm  W ritten  in FOCAL
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I t  was found necessary  to  include a means of enabling or 
disabling the  foreground -  background fa c ility  fro m  the  u se rs  term inal.
If  the  sy stem  is constan tly  enabled, an e r ro r  condition is  produced if  
no lines fo r  group 31 a re  included in the  program . Although th is  is 
easily  rem edied, i t  provides a co n stan t source of annoyance to  fo rg e tfu l 
u se rs . If the fa c ility  is disabled by a patch  in th e  so ftw are , i t  
n e ce ss ita te s  an experienced u se r in se rtin g  in the  required single word 
in to  core so as to  re-enable the  sy stem . This is undesirable and would be 
b e t t e r  i f  each u ser could enable o r disable the  system  if  and when required.
This was accomplished by an extension to  th e  ERASE command, 
which provides a su itab le e r ro r  ex it th a t  can be used to  branch to  various 
commands, executable in d ire c t o r in d irec t mode. Thus a u se r  may enable 
the  foreground -  background rou tine by typing E C a t  his te le ty p e  console 
and disable the  rou tine  by typing E D a t  his console. The C and D ar<* 
d e tec ted  by the extension to  the ERASE command and a re  used to  e ith e r 
in s e r t  o r c lear a POPJ call in the  foreground -  background rou tine .
5.3.4. Input/O utpu t Trans f e r s
5.3.4.1. Clock Driven P eripherals
Having decided upon the  m ethod of synchronous scanning and th a t  
peripheral devices could be accessed d irec tly  (Appendix B), th e  question 
a rose  as to  w hether any of the  peripherals would have to  be driven by th e  
clock in te rru p t system .
This is a question of w hether a p a rtic u la r  ta sk  can be accomplished 
m ore e ffec tiv e ly  and conveniently if  done autom atically  ra th e r  than a 
question of synchronous tim ing e r ro rs  o r delays in conversion tim e i f  the 
ta sk  is  done when requested .
I t  was found necessary  to  include service rou tines fo r  the  input 
cmd ou tpu t counter cards w ithin the  clock service rou tine.
(a) Input Counter Cards
An input counter card  is a device capable of counting input pulses 
in a 12 b i t  counter. Each tim e the count is read , th e  counter is r e s e t  to  
zero  and the counting procedure con tinued. If the  counter is n o t read a t  
a su ffic ien tly  high r a t e , th e  counter will eventually "ro ll over" to  z e ro , 
re su ltin g  in an eroneous input count. To avoid th is  possibility^ i t  was 
essen tia l th a t  the  input counter cards be read  a t  fixed tim e in te rv a ls , the
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period of which should be sm all enough to  p reven t ro ll over.
A nother reason fo r  driving the  input counter cards fro m  the  
clock rou tine  is th a t  i t  is generally the  r a te  a t  which pulses a re  input 
which is of in te re s t .  I t  is  th e re fo re  e ssen tia l to  know th e  exact tim e 
in te rv a l betw een successive readings of the input counter card . I t  was 
however found to  be m ore easily  and accu ra te ly  accomplished by reading 
autom atically  a t  fixed tim e in terva ls .
I t  was th e re fo re  arranged th a t  the  coun ter cards on channel 
addresses 1 through 6 (0  being dedicated to  the  use of panel m e te rs)  
should be read  once every second The values obtained being s to re d  in an 
input tab le  accessible by th e  FOCAL in te rp re te r .
The tab le  s tru c tu re  was adopted in p re fe ren ce  to  providing u sers  
w ith  the  fa c ilitie s  to  include any se lec ted  channel address w ithin in te r ru p t 
p ro cesso r mainly because of the  sim plicity  of the  chosen m ethod when 
compared w ith  the  a lte rn a tiv e . Inserting  specified  devices in to  th e  
in te r ru p t serv ice rou tine would requ ire  the use o f soph istica ted  handling 
rou tines and hence an increase in the  am ount of core used.
The function call used fo r  accessing th e  da ta  tab le  of inputs is 
described la te r  in th is  sec tio n . ,
(b) O utput C ounter Cards ^
The output counter cards a re  in general used fo r  th e  ou tpu t of a 
change in a c tu a to r  position fo r  contro l. The reasons why i  t  was necessary  
to  include them  within th e  clock serv ice rou tine  of the  in te r ru p t p rocesso r 
have th e re fo re  been outlined in the section  of th is  chap ter dealing w ith 
con tro l functions.
5.3.4.2. D irectly  Accessed P eripherals
As previously  explained, function calls in FOCAL a re  arranged in 
tab les  fo r  use w ith the  s o r t  and branch ro u tines. There is th e re fo re  a l im it 
to  the  number of new functions which can be included within th e  existing 
FOCAL s tru c tu re  w ithout having to  r e s o r t  to  th e  re loca tion  of th ese  tab les. 
The lim ited  space available fo r  the  m odifications w ere also in su ffic ie n t to  
allow fo r  fu r th e r  tab le  rearrangem ent.
I t  was th e re fo re  decided th a t  in stead  o f using sep a ra te  function 
calls fo r  each of the peripheral devices, a single function  call would be used 
fo r  input devices and ano ther fo r  ou tpu t devices. Some tim ing penalty  i s  
obviously incurred by adopting th is  m ethod although i t  was in su ffic ien t to
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cause any problem s.
This p a rtic u la r  type of s tru c tu re  n e c e ss ita te s  the  use o f an 
e x tra  argum ent to  define which of th e  input o r ou tpu t peripherals would 
be required.
1. Input Devices
The following function calls allow the  u s e r  to  access input devices 
S Z = FIN (OHRZ, CHANNEL) Input counter cards
S Z = FIN (ODPM , CHANNEL) D igital panel m e te r
S Z = FIN (0 ADC , CHANNEL) Analogue to  d ig ita l converter
S Z = FIN (ODIG , CHANNEL , BIT) D igital inputs
O peration of the FIN function
By placing a 0 in f ro n t  of the  c h a ra c te r  s tr in g  in th e  f i r s t  argum ent, 
th e  alphabetic ch a rac te rs  are  decoded as a number. Each alphabetic 
c h a ra c te r  being allocated a value of fro m  1 to  26 according to  i t s  position 
in th e  alphabet (except fo r  E which is  used fo r  e x p o n e n tia tio n .)
Thus th e  s tr in g  OHRZ is decoded by th e  decimal to  binary  input 
ro u tin e  in the following m anner:-
H E 8  R = 1 8  Z E 2 6
OHRZ 2 0 * 10'^  + 8 * 10^ + 18 X 10 + 2 6  i
= 1006 10
= 1756 g
On en try  to  the  function subroutine, th is  argum ent has been decoded and 
loaded in to  the floating  point accum ulator. I t  is then converted in to  a 
12 b i t  in teg er number by using a rou tine  in the  floa ting  point package and 
saved. The second argum ent is then evaluated, converted to  an in teger 
value and saved as the  required input channel address. The in itia l argum ent 
is  then te s te d  against a l i s t  o f s tandard  codes using a s o r t  and branch 
rou tine . If a m atch  is no t found an e r ro r  condition is  signalled to  the  user. 
Finding a m atch  causes program  contro l to  be tra n s fe r re d  to  the so ftw are  
driving routine fo r  the  required input device, th e  channel address is s e t  and 
th e  input read in to  the  accum ulator.
As in m o st cases, the  re s u l t  o f the  in p u t argum ent is aw aited by 
th e  u sers  FOCAL program , i t  would be po in tless to  drive th ese  p a rtic u la r  
peripherals from  an in te rru p t system . Also the com plexity and size of skip 
chains in o rder to  d e te c t which p a rtic u la r  device of th e  many available 
would be prohibitive,
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The scaling of the  input value is  then accomplished in the  following 
m anner fo r  each of the sep ara te  input devices.
D igital Panel M eters
The da ta  input fro m  a th re e  d ig it d ig ita l panel m e te r  produces a 
count of between 0 and 999 input pulses on the  input counter card of 
channel address 0. This count is loaded in to  th e  floa ting  point accum ulator 
so as  to  s e t  the  variable assigned in th e  SET command to  a value o f betw een 
0 and 999 on re tu rn  fro m  th e  function  subroutine.
Analogue to  D igital Conversion
The analogue to  d ig ita l co n v erte r produces a 10 b i t  value in the 
accum ulator fo r  an input voltage of betw een 0 and 5 v. The 10 b i t  value 
is  loaded in to  the  floating  poin t accum ulator in such a m anner as to  s e t  
the  value of between 0 and 1 , i.e . f ra c tio n  of fu ll scale.
Input Counter Card System
As previously described, th ese  a re  serv iced  by the  clock service 
rou tine  every second. The counts fro m  each card , s to red  in a da ta  tab le 
a re  accessed by using the  channel address argum ent of the  function call.
The floa ting  p a in t  accum ulator is  loaded w ith  the  value of the count in such
a m anner as to  s e t  th e  value o f the  assigned variable in the SET command in
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te rm s  of pulses p e r second.
D igital Input System
A th ird  argum ent is necessary  in o rder to  specify  which b i t  of the 
fo u r  b i t  input word is required. The fo u r b i ts  a re  read  in to  b i ts  8 through 
11 o f the accum ulator. Each o f th ese  b i ts  is specified  by designating the 
th ird  argum ent w ith  th e  codes 0 A through 0 D respectively .
I f  th e  required b i t  is s e t  to  a 0 , the flo a tin g  point accum ulator 
and hence the  value of the  assigned variable is s e t  to  a positive value. If 
the  b i t  is a 1 then a negative value r e s u lts .  This arrangem ent makes i t  
possible to  use the  d ig ita l input function  m o st easily  w ith  the  IF command, 
e .g ., 3.03 I (FIN (ODIG , A , OA)) 3.05
3.04 G 3.03
3.05 C CONTINUE TO NEXT
2. O utput Devices
The ou tpu t function has been given the  function  code FOUT and 
im plem ented in the following m anner:-
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s z = FOUT (ODIG , CHANNEL , BIT , STATE) D igital ou tput
S Z = FOUT (OALM , CHANNEL , BIT , STATE) A larm  output
S Z = FOUT (ODAC , CHANNEL , VALUE) D igital to  Analogue
The f i r s t  and second argum ents a re  used to  define the  ou tpu t device 
and channel address required in a s im ilar fashion to  those of th e  FIN 
function. The allowed values o f th e  o th e r argum ents a re  as follows
Digi ta l  and A larm  O utputs
Both the d ig ita l and a larm  outpu ts require  an ex tra  argum ent to  
define which p a rtic u la r  h i t  of th e  fo u r b i t  ou tput word is required. The 
defin ition  of each b i t  was a th ird  argum ent value of OA through CD (or 1 
through 4) as in the  case o f d ig ita l inputs.
The fina l argum ent defines th e  required value of th e  s ta t e  of the 
changeover relay  and has th e  allowed value of 0 o r 1.
D igital to  Analogue Conversion
The fina l value of th is  varia tion  on the  FOUT command defines th e  
ou tpu t voltage of the d ig ita l to  analogue converter. A value of between 
0 and 2048 produces an ou tp u t voltage o f 0 to  5 v o lts .
In all the  varia tions of the  FOUT function , th e  variable used in the  
SET command is only a dummy variable and has no p a rtic u la r  significance.
O utput Counter Card D irec t O utput
A function fo r  tra n sm ittin g  ou tputs through th e  ou tpu t counter card 
sy stem  was also w ritte n . This however was given a sep a ra te  function name 
S Z = FINC (CHANNEL , VALUE)
Although i t  had been decided th a t  the  ou tpu t counter card system  
should be clocked out (see nex t se c tio n  on control) i t  was found necessary  
fo r  te s tin g  purposes to  be able to  ou tpu t d irec tly  to  th is  subsystem .
The channel argum ent obviously defines the  channel address highway 
required. The value argum ent specifies the ou tpu t value required. As the 
ou tpu t counter card r e g is te r  only has six  b i t s ,  the maximum range of the 
VALUE argum ent can only be 0 to  -  63. A fu ll scale ou tpu t will take 
approxim ately 1% seconds to  be decrem ented fro m  the counter although th is  
does n o t hold up th e  FOCAL operation.
Again the  variable assigned in the  SET command is a dummy variable.
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5.3.5. Control Functions
C ontrol is achieved by linking in p u t/o u tp u t, m athem atica l and 
tim ing functions in some prescribed  manner. This could be achieved w ith 
the FOCAL sy stem  w ithout any fu r th e r  m odifications as shown in Fig.23.
This is an example of a program m ed increm ental PCI con tro l algorithm  (60)j 
o u tp u t of contro l p a ram e te rs  being achieved through th e  ou tpu t counter 
card  system  using the  foreground background program m ing fac ility .
Group 10 in the  example has been w ritte n  as a subroutine to  be 
en tered  fro m  an overall executive program . Changes in a c tu a to r  position 
a re  computed using the  PCI algorithm  in line 10.14. T he. value obtained 
is  summed w ith any previous output s t i l l  rem aining, the  sum being 
r e s t r ic te d  to  -  512 u n its  so as to  avoid in teg ra l sa tu ra tio n  of th e  contro l 
loop.
Group 31 of the  example is the  p rio rity  ta sk  group, designed to  be 
en tered  once every second as a foreground program . The a c tu a to rs  n.ay be 
driven a t  th e ir  maximum slewing r a te  of 50 un its  p e r  second by using th is  
group in the  m anner shown.
The m ajor disadvantage found in using the  above me thod was tim ingj 
f h e  com putation of ou tpu t values fro m  the  con tro l algorithm  being 
approxim ately 150 m seconds p er loop minimum. The driving rou tine  in 
group 31 required a fu r th e r  100 m seconds p e r loop minimum. This would only 
allow a maximum of fo u r con tro l loops being scanned a t  a r a te  o f  once per 
second.
I t  was decided th a t  these execution tim es w ere  excessive, and 
th a t  the only way of providing an im provem ent would be to  w rite  the contro l 
algorithm  a t  assem bler level as an additional FOCAL function. By adopting a 
fixed da ta  ta b le  s tru c tu re  fo r  s to rin g  con tro l loop data  , the  tim e required 
f o r  variable search  rou tines could be elim inated. Also by using a  c lo c k  d r iv e n  
ou tpu t rou tine fo r  the ou tpu t of computed d a ta , th e  tim e taken could be 
reduced fu r th e r .
5.3.5.1. Lead-lag Function fo r  Control
I t  was decided th a t  if  possible a d ig ita l version o f a lead-lag  function 
would be used. The reason fo r  th is  w as  th a t  w ith  su itab le  manipulation of 
th e  various constants of such a netw ork, various d if fe re n t functions could 
be obtained.
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F or example the lead-lag netw ork whose t r a n s f e r  function  has
the  fo rm
G c (S) = K 1 + TmS -(1)
1 + Tqs 
where K is the  s ta t ic  gain 
Tm is the lead tim e constan t 
Tq is the  lag tim e constan t 
has been used as a compensation function fo r  Feed forw ard  con tro l (59) 
and fo r  d ig ita l f ilte r in g  purposes. Such a netw ork can be made to  
approxim ate to  a proportional plus in teg ra l feedback co n tro lle r i f  the  
lag tim e constan t Tq is made large while the  lead tim e c o n s tan t is kep t 
re la tiv e ly  sm all.
i.e . Tq »  1
Gc (S) K 1 + TmS 
TqS
::: K .T m
Tq
which is  the  T ra n s fe r  function of a proportional plus in teg ra l co n tro lle r 
w here:- .
K . Tm 
Tq
is the  gain fa c to r
I
Tm is the  in teg ra l action tim e 
If on the  o th e r hand Tq is made very sm all
Gc (S) K 1 + TmS = K .[Tm S + l ]
and th e re fo re  approxim ates to  the t r a n s f e r  function  o f a proportional 
plus derivative feedback co n tro lle r where :- 
K is  the  gain fa c to r  
Tm D erivative action tim e
More complex control fo rm s could also be im plem ented by cascading 
algorithm  blocks to g e th er.
For com putational ease equation (1) can be m anipulated in to  a 




1 + TqS 





KR (1 + TqS) + 1 -  KR 
1 +TqS
KR -  (KR - 1)
1 + TqS
Where KR is the ra tio  of the  two tim e  co n stan ts  o f th e  network.
The lead lag network is  thereby converted fro m  a lead and lag in 
s e r ie s ,to  a lagged signal in para lle l w ith  an unlagged signal, f ig .24.
The lagged signal can be generated  d ig ita lly  in the  following 
m anner:-
I f  X rep resen ts  a signal and y th e  signal lagged by T2 un its  of tim e:
x = y + T2 dy 
d t
e^ganding in f in ite  d ifference fo rm  
xn = yn + T2 . Yn-fl ~ yn
yn+1 = A t  xn 4- (1 -  A t ) y^ - (2 )
T2 T2
The lagged signal p a r t  of the  t r a n s f e r  function can be generated  
f o r  the next cycle through the  contro l loop by using the d ifference  form ula 
o f equation (2), where A t will rep re sen t th e  in te rv a l a t  which the  p a rtic u la r  
con tro l loop is being scanned.
This function was in itia lly  developed in a d iffe re n tia l fo rm  fo r  
ou tpu t of a change in a c tu a to r  position on the  ou tpu t counter card  system . 
In itia l t r ia ls  w ith  th is  contro l algorithm  w ere ca rried  ou t using the equipm ent 
described in Appendix A. When using the  algorithm  as a P + I feedback 
co n tro lle r on the  flow contro l loop, large o f fs e ts  w ere produced in response 
to  s te p  changes in s e t  point. This could be a t t r ib u te d  to  many reasons, 
p rim arily  th a t  i t  is only an approxim ation to  a P + I co n tro lle r and does no t 
possess the required gain and phase c h a ra c te r is tic s  and secondarily rounding 
o f f  e r ro rs  occur when converting the floa ting  po in t computed ou tpu t value 
in to  an in teger value fo r  output.
The function was also very costly  on core re q u ire m e n ts , the 
d iffe re n tia l fo rm  requiring eigh t words o f core p e r contro l loop, one fo r  th e  
ou tpu t channel address, one fo r  s to ring  the  summed ou tpu t ready fo r  




Figure 24-* S im p lified  Lead-Lag Function
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fo r  s to rin g  the floa ting  point value of th e  p a s t  m easured value of; the 
contro l loop and another th re e  words to  s to re  the lagged signal value.
The function was however kep t in the  sy stem , b u t in a non 
d iffe re n tia l  fo rm . This enabled th e  output fa c ility  and associa ted  
m anipulation rou tines to  be o m itted  thereby reducing the  core requ irem en ts. 
I t  was envisaged th a t  the  function could be used fo r  feed forw ard  compen­
sa tion  o r f o r  d ig ital f ilte r in g . If necessary , i t  could be o v erw ritten  a t  
some l a t e r  date  so as to  provide space fo r  a new u se r defined function.
The function of th is  fo rm  requ ires th e  following five  p a ram eters
a. One to  define th e  position  in core of tiie s to red  lagged
function value fo r  th is  p a rtic u la r  loop
b . One fo r  the  ra t io  of th e  two tim e co n stan ts  KR
c. One fo r  the lag tim e  constan t
d. One lo  define th e  in te rv a l a t  which th e  p a rtic u la r
loop is being scanned
e. One fo r  the  num erical value of the  function being
com pensated.
The loop number and function  value m u st be provided each tim e th e  
con tro l algorithm  is used, th e  o th e r p a ram e te r could be changed only when 
necessary  by inclusion of a d if fe re n t number of argum ents in th e  function 
call. This would hov ever requ ire  th a t  the  contro l p a ram e te r  be s to red  
w ithin th e  data  block fo r  the specified  loop requiring th re e  words fo r  each 
p a ra m e te r  and hence a to ta l  o f twelve per loop.
The function was th e re fo re  im plem ented under the  name of FDYN 
in th e  following fo rm :-
S Z = FDYN (A, B , C, D, E) 
where A = loop num ber to  define the  da ta  block
B = The function value to  be com pensated
C = Lag tim e co n stan t
D = Scan tim e co n s tan t
E = R atio of tim e  co n stan ts
The f i r s t  argum ent is used to  s e t  up the d a ta  block in which the 
lagged signal value is to  be s to red . The r e s t  of the argum ents a re  picked 
up and m anipulated using calls to  the  floating  point in te rp re te r  so as to  
produce th e  com pensated value of the  input function and also to  compute 
the  lagged signal fo r  the  n ex t en try  of the loop. The floa ting  point
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accum ulator is finally loaded w ith  the compensated function value and 
re tu rn  is made via the norm al function re tu rn  in FOCAL so as to  s e t  Z 
to  the  value of the compensated function.
A fa c ility  has also been included fo r  in itia liza tion  purposes when 
the  d a ta  area will need to  be cleared. This takes the  fo rm  
S Z = FDYN (OCL)
Z th is  tim e is used as a dummy variable, the  OCL being d e tec ted  in 
the  in itia l section  o f the rou tine and the da ta  a rea  com pletely cleared.
The function call in fu ll fo rm  takes about 35 m seconds to  be 
com pleted which is a v a s t im provem ent on the  s o r ts  of tim es one could 
03q>ect fo r  a s im ilar algorithm  w ritte n  in FOCAL; the  penalty  paid is 
th a t  of core. Three words a re  required p er loop, and a maximum of 
6 loops have been allowed fo r.
5.3:5.2.PCI Control A lgorithm
As the  in itia l e f fo r ts  of providing a m ulti purpose con tro l function 
w ere u n sa tis fa c to ry , i t  was decided th a t  a m ore specific  type of control 
a lgorithm  would be required. Experience gained w ith the use of a PCI (60)
contro l algorithm  when w riting the  algorithm  in FOCAL showed th a t  i t
} ■
was sim ple to  use and provided good responses.
F o r a norm al P + I co n tro lle r, an equation of the  fo rm :-
P  = Kc e + 1 fed t 
T ij
- ( 3 )
is  used.
Where P is the position of the  a c tu a to r  driven by the co n tro lle r 
Kc is the  gain fa c to r
e is the  e r ro r  value between the  s e t  point and the 
m easured value
T i is the  in teg ra l action tim e co n stan t
As the  output from  the con tro l algorithm  is  to  re p re se n t the
change in a c tu a to r  position fo r  ou tpu t on the  ou tpu t counter card  sy stem ,
equation (1) m u st be expressed in d iffe re n tia l form .
= KciE
at
de + e 
d t  T i
and in d ifference fo rm  




where A Pn is  the  change in ac tua tion  position a t  tiKe n^^ 
sampling in terva l 
en is  th e  e r ro r  a t  the n^^ sampling in te rv a l 
A en is  the  d ifference between the  e r ro r  a t  the n^^ 
n -  sampling in terva ls
en = Spn -  MVn 
Spn. is the  s e t  point
MVn is  th e  m easured value a t  the  n^^ sampling in te rv a l 
en = Sp -  MVn - Sp + MVh-i 
= -  (MVn -  MVh-i )
I f  the  s e t  points rem ain constan t 
Equation 4 can be expressed in the following fo rm
A P n  = Kc - (MVn - MVn-i ) + ^  (Sp -  MVn))
T i
“ (5)
This algorithm  is th e  sam e as a P + I co n tro lle r i f  no change in 
s e t  poin t occurs, however i t  is  reputed (60) to  provide b e t te r  response to
s e t  point changes than is a P+ I algorithm .
F o r the same reasons as explained in the development o f FDYN 
all of the  p a ram ete rs  have to  be tra n s fe rre d  each tim e a contro l loop is 
en te red , sacrific ing  tim e fo r  core u tilisa tio n . The function call is  
th e re fo re  of the fo rm
S Z = FCON (LOOP, MV, SP, IT, SC, KG, CHANAD) 
where LOOP is a loop num ber to  define a d a ta  block
MV is the  m easured value fo r  the control loop
SP is  the s e t  point
IT is the  in teg ra l action  tim e
SC is  th e  in te rv a l a t  which the  loop is being scanned
KG is the  gain f a c to r
CHANAD is the ou tp u t channel address
Z will be s e t  to  th e  computed ou tpu t value
F or e ffe c tiv e  d ire c t d ig ita l co n tro l, the maximum slev/ing r a te  
o f the a c tu a to r  m u st be m aintained (61)^ th is  means th a t  i t  is e ssen tia l 
fo r  calculated con tro l ou tpu ts  to  be driven out through the  ou tpu t counter 
system  by using the  clock rou tine  in th e  in te rru p t p rocesso r. The ou tpu t 
counter cards have a maximum slewing r a te  of 50 u n its  p er second and a
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maximum a c tu a to r  tra v e l of 512 un its.
The in te r ru p t p rocesso r was th e re fo re  extended in o rder to  serv ice 
th e  ou tpu t counter cards w ith  the calculated con tro l ou tpu ts. The table 
o f ou tpu ts i s  examined every second; i f  no ou tp u t is  p re se n t then the 
rou tine  skips on to  the nex t in the tab le  u n til a ll has been examined.
If  an ou tpu t value is found, i t s  magnitude and sign are  te s te d . I f  the  
value is  g re a te r  than 50 then th e  maximum ou tpu t of 50 is  driven ou t on 
th e  required channel w ith  the c o rre c t s tro b e  (i.e. + and -) and the 
rem ainder is re s to red . O utput values of le ss  than  50 un its a re  m erely 
driven ou t and the s to re  cleared.
F o r speed of operation in the in te r ru p t p ro cesso r, i t  is essen tia l 
th a t  th e  a rith m e tic  operations are  done in single word in teg er a rith m e tic . 
As th e  floating  point package is  essen tia lly  non r e -e n t r a n t ,  i t  cannot be 
en te red  from  the  in te rru p t p rocessor. Conversion of the  ou tpu t 
calculated  in floa ting  point m u st th e re fo re  take place w ithin tdie control 
rou tine .
The floating  point ou tpu t is th e re fo re  converted in to  a 12 b i t  
in teg e r  num ber, t e s t s  being made to  see th a t  i t  does n o t exceed - 2046, 
added to  any previous ou tpu t s t i l l  w aiting to  be clocked out. The re su lta n t  
in teg e r  is  then te s te d  fo r  m agnitude. If i t  exceeds the  maximum tra v e l of 
th e  a c tu a to r  in e ith e r  d irec tion , the re su lta n t  is replaced by an in teg er 
value equivalent to  the  maximum tra v e l and s to re d  in th e  ou tpu t table. 
In teg ers  of le ss  than maximum tra v e l a re  s to red  im m ediately in th e  output 
tab le .
In o rder to  provide the contro l fu n c ti on w ith  an e x tra  degree of 
f lex ib ility , the channel address argum ent has been included in th e  function 
call. Channel addresses could have been incorporated  w ithin the  loop 
num ber, allowing output only on fixed ou tpu t channels of 0 to  6. T h is  
could however requ ire  swapping u sers  da ta  lines to  th e  com puter, each tim e 
a d if fe re n t experim ent o r re sea rch  program m e is im plem ented on the 
com puter. The channel address is th e re fo re  s to re d  w ithin the  d a ta  block 
f o r  th e  p a rtic u la r  loop so as to  define which ou tpu t address highway is 
required  by which loop.
The channel address argum ent has also been made to  a c t  as a sw itch. 
When in itia lising  a p a rtic u la r  con tro l loop, th e  value s to re d  as the  p a s t 
m easured value could be s e t  to  any a rb itra ry  value. Using i t  as a bona fide
79
p a s t  m easured value could re s u l t  in a spurious ou tpu t being generated.
I t  is  e sse n tia l th e re fo re  to  be able to  load the p a s t m easured value s to re  
w ithout sending an output. This fa c ility  will also be u sefu l i f  cascading 
con tro l loops, o r debugging a program . If  the  7^^ argum ent in  the 
function call, rep resen tin g  th e  channel address, is included^the output 
tab le  is filled  as described and the  calculated change value is re tu rn ed  to  
FOCAL in the  flo a tin g  point accum ulator in the norm al fashion. If however 
th e  7^^ argum ent is  o m itted  in the  function call, the  ou tpu t tab le is no t 
f illed , the  change value being re tu rn ed  to  FOCAL only.
In th is  fo rm  the  s to rag e  requ irem en ts o f the  function  a re  five 
words p e r block, one fo r  channel address, one fo r  the  s to re d  in teg er output 
value and th re e  words to  s to re  the  floa ting  point value o f th e  p a s t m easured 
value o f the  controlled  variable.
The fa c ility  fo r  to ta lly  clearing the da ta  blocks has also been 
included, the  available fo rm s of the  function call a re  th e re fo re  
S Z = FCON (OCL)
S Z = FCON (A, B , C, D, E , F)
S Z = FCON (A, B , C, D, E , F , G).
The f i r s t  argum ent is e ith e r  used as a sw itch fo r  th e  c laar in s tru c ­
tion  o r as a loop number. The r e s t  of the  argum ents a re  then picked up and 
loaded in to  the  floa ting  point accum ulator by using th e  argum ent evaluation 
ro u tin e , a r ith m e tic  manipulation being carried  out by calls to  the  floating  
po in t in te rp re te r .  The channel address argum ent is searched fo r  and if  
found , th e  floa ting  point value is converted in to  a 12 b i t  in teg e r value and 
s to red  in th e  m anner previously described. A f te r  ou tpu t so rtin g  o r 
im m ediately  in the case of no channel address argum ent, the  floa ting  
po in t accum ulator is loaded w ith  the computed ou tpu t value. This ensures 
th a t  th e  variable named in the SET command, when calling the  function ,is 
given th e  increm en t value when control is re tu rn ed  through th e  norm al 
function  re tu rn .
5.3.5.3.Timing and Core Allocation of the  C ontrol A lgorithm
The com pletion of th is  p a rticu la r  con tro l a lgorithm  takes approxim ately 
50 m seconds p er loop which is about o n e -fif th  of th e  tim e taken fo r  the  same 
algorithm  i f  w r itte n  in FOCAL language. A dm ittedly som e tim e is also used fo r
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data  manipulation in the in te rru p t p rocessor b u t th e  to ta l  tim e taken 
in the  in te r ru p t p rocessor is le ss  than 500 yU. seconds.
A lim it had to  be imposed upon the num ber o f contro l loops 
available as five words of core w ere required fo r  s to rag e  purposes in 
each loop. Seven loops have been allowed, requiring a loop num ber of 
betw een 0 and 6 b u t no re s tr ic t io n s  have been placed upori th e  channel 
address to  be used fo r  the contro l loops.
5,3.6. Communication With O perating or. P rogram
An essen tia l fe a tu re  of a re a l- tim e  operating system  is  th e  ability  
to  modify the value o f a p a ram e te r w ithin a program  while the program  is 
runningj for example, the manual con tro l of th e  s e t  poin t o f a contro l 
loop, o r fo r  se ttin g  a flag to  in itia te  the  s t a r t  up o r shu t down o f an item  
o f equipment. This process of communication should no t hold up the 
execution o f the program  except fo r  the  b r ie f  period of tim e necessary  to  
r e s e t  th e  value of the p aram ete r.
If  special hardware had been available such as an o p era to rs  control 
panel, th is  process could have been included by use o f a serv ice rou tine 
w ithin th e  in te rru p t p rocessor. However w ith only a te le ty p e  keyboard 
available as a communication device i t  w rs necessary  to  make adaptions to  
the  FOCAL s tru c tu re  so as to  allow communication via the  te le ty p e  while 
th e  program  is s tH l operating.
The fa c ility  has been incorporated in to  FOCAL by agaiii making use 
o f the end of line b reak  po in t, allowing the in te rn a l c h a rac te r  handling 
ro u tin es  of the FOCAL in te rp re te r  to  be used.
I t  has been arranged th a t  a t  the  end of every lin e  of the  FOCAL 
program , the te le type  input b u f fe r  is examined f o r  input. Once the 
c h a ra c te r  handling rou tine has been ac tiv a ted , by typing a CTRL/S ch arac te r  
(ASCII code 223) a t  the  te rm in a l keyboard, subsequent c h a ra c te rs , when 
d e tec te d , are  packed in to  the  command input b u f fe r .  Upon re c e ip t of a 
carriage  re tu rn  ch a rac te r  a d ire c t SET command is  fo rced , operating on 
th e  te x t  which has been packed in to  the  command input b u ffe r . The rou tine 
is  thçn de-ac tiva ted  and the  program  resum ed. A ctivation  and completion 
o f the  rou tine are  signified on the  te le type  device by the  ch a rac te rs  > and 
<  respectively .
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In o rder to  provide a su itab le  hard copy of the  p a ram e te r  modified 
i t  was found necessary  to  inhibit any TYPE s ta te m e n t while the p a ram ete r 
m odification rou tine was ac tiv a ted . The reason fo r  th is  being th a t  output 
ch a rac te rs  a re  en tered  into a f i r s t  in , f i r s t  ou t ring b u f fe r  f o r  echoing.
I t  was also found necessary  to  inhibit any ASK s ta te m e n ts  so as to  
avoid corruption of input data .
As bo th  TYPE and ASK commands use common sy stem  so ftw are  
rou tines both  could be inhibited by including a JMP in stru c tio n  a t  tlie 
beginning of the  TYPE/ASK subroutine.
This p ro tec tio n  system  is  enabled im m ediately the  CTRL/S 
c h a ra c te r  has been given and is only cleared when the  p a ram e te r  m odifi­
cation has been completed.
Thus i f  a TYPE o r ASK s ta te m e n t is encountered during p a ram e te r 
m odification, the program  is halted  u n til the  m odification operation has 
been com pleted. The TYPE or ASK s ta te m e n t is  then re -a c tiv a te d  and 
the  program  resum es fro m  th e  position where th e  program  was halted .
The handling rou tine makes use o f the  ch a ra c te r  reading and 
packing rou tines available w ithin the  in te rp re te r  which a re  re -e n tr a n t  a t  
the  break  point chosen. ,
S in ce  many flags and inhibit sw itches a re  s e t  during the  p a ram e te r 
m odification i t  was necessary  to  extend the  e r ro r  recovery  rou tine  to  clear- 
th e  flags e tc . in the  event of an e r ro r  occurring during the  process of 
m odification.
F ig .25 il lu s tra te s  the use of the  p a ram ete r m odification ro u tin e , 
the  underlined ch a rac te r  being echoed by the  com puter.
5.3.7. F au lt P ro tec tio n
L im ited fa u lt  p ro tec tio n  has been b u ilt in to  the system  by including 
standard  rou tines fo r  handling th e  power fa ilu re  p ro tec tio n  option as 
described in chap ter 3. Also w ithin th e  clock rou tine of the  in te r ru p t 
p ro cesso r, the output counter card system  is p ro te c ted  by updating the 
watchdog tim e r  once every second.
5.3.8. E r ro r  D etection
In m o st of the  functions developed fo r  re a l- tim e  FOCAL, a ce rta in  
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of u se rs  corrupting  the  system . For th is  purpose, the e r ro r  recovery 
rou tine  available in FOCAL was used extensively. A l i s t  of e r ro r  codes 
and th e ir  purpose is  given in Fig.26.
5.3.9, Timing of the  Functions
Fig. 27 gives a l i s t  of a ll the  new functions developed w ith  th e ir  
re sp ec tiv e  execution tim es.
5.4.
In adding all the  requ ired  enhancem ents to  FOCAL, i t  became obvious 
t i ia t  m ore core space than th e re  was readily  available would be required. 
Thus i t  was necessary  to  overw rite  some of the existing "extended 
functions" p re se n t in FOCAL.
The in itia l version o f Real Time FOCAL, REAL TIME FOCAL : DYN 
included all o f the enhancem ents described within th is  chap ter however the  
standard  FOCAL function FATN, FEXP, and FLOG had to  be excluded.
The core configuration is  as shown in Fig.28.
A t some la te r  s tag e  i t  was found necessary  to  exchange tie  FDYN 
function  w ith a s tandard  FLOG function fo r  a fina l year undergraduate 
p ro je c t on th e  exam ination of the  dynamics o f a h ea t exchanger (62).
F ig . 29 shows th e  core configuration of th is  second version REAL TIME 
FOCAL : LOG.
As a t e s t  of the  FOCAL system  experim ents w ere carried  out on a 
H eat Exchanger sy stem , th e  re su lts  of the t e s t  have been included in 
Appendix A.
I t  was found th a t  th e  system  worked p e rfec tly  although a r e s t r a in t  
was obviously imposed by th e  in te rp re tiv e  n a tu re  of th e  language. This 
however is  n o t too ? severe r e s t r a in t : -
(a) Because m o st of the  data  r a te s  d ea lt w ith  in th e  laborato ry
a re  slow.
(b) If  a high da ta  r a te  application is  found, then a new function
fo r  FOCAL could easily be w ritte n . This would allow 
in itia lisa tio n  to  take place fro m  the  high level 
language and re s u lt  in the execution of a dedicated 
subroutine followed by eventual re tu rn  to  th e  FOCAL 
in te rp re te r .
84.
Subséquent experience gained in the  use o f th e  sy stem , bo th  fo r  
undergraduate and postg raduate  (63) work has no t highlighted any m ajor 
deficiencies in the  sy stem . The main advantage of the  sy stem  is  i t s  
case o f u se , requiring only a few hours use fo r  any p o ten tia l u se r  to  be 
able to  use th e  system  to  i t s  fuU capacity.
The ab ility  to  o p era te  the  sy stem  fro m  a rem o te  te rm in a l also 
makes i t s  use ideal in th e  laborato ry  environm ent where the  operations 
te rm in a l can be located  n ea r his experim ent and n o t necessarily  in the  
neighbourhood of the com puter.
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E rro r  Code D iagnostic
13*44 Normal e x i t  from LIBRARY command
13#;6 I l l e g a l  fu n c tio n  c a l l  in  FIN or FOUT fu n c tio n sp
15oi6 M issing argument in  fu n c tio n  c a l l
15*<5 Too many arguments in  FLAG- function
‘16o04- I l l e g a l  ch a rac te r  in  m ultip le  argument handler
l6o59 No scan f la g  of th a t  value has been s e t  up
1 6 ,6 9  I l l e g a l  code in  FTIM fu n ctio n
1 8 .0 3  Too many arguments in  FIN, FOUT or FINC fu n c tio n  c a l ls
18.08 F i r s t  argument of FCON fu n c tio n  c a l l  should be p o s itiv e
1 8 .1 7  C ontro l loop number ou tside  ran g e(0 -6 )in  FCON fu n c tio n  c a l l ,
18.61  Too many arguments in  FCON or FDYN fu n c tio n  c a l l
1 8 . ;3. M issing argument in  FCON fu n ctio n  c a l l
,19*72 M issing argument in  FINC function  c a l l
20.22 Negative argument in  FLOG- function  c a l l
20.51  F i r s t  argument of FDYN fu n ctio n  c a l l  should be p o s itiv e
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A Time Shared Real-Tim e FOCAL System
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6.1. Time Sharing the  FOCAL In te rp re te r
As discussed previously, the  p rim itive  in te rru p t s tru c tu re  and 
the absence of any d ire c t memory access m ass s to rag e  device had 
elim inated the possib ility  of developing an e f f ic ie n t m u lti-u se r  tim e 
shared operating system  fo r  the  PDP-8 based upon the  use of a high 
level language. I t  was however thought to  be possible to  provide a 
m inim al tim e shared system  by extending th e  capabilities of the  FOCAL 
in te rp re te r .
The FOCAL in te rp re te r  operates by scanning the  te x t  of a program , 
in te rp re tin g  and executing the  s ta te m e n ts  of the program . P a ram e te rs  
regarding the s ta te  of the program  are  constan tly  m aintained, so th a t  a t  
any p a rticu la r  tim e , a record  is available as to  the  exact s ta te  of 
execution of the program . Thus i t  is possible to  te rm in a te  the  execution 
of one program , replace the  program  and associa ted  p a ram e te rs  w ith a 
d if fe re n t program  and i t s  associa ted  p a ram ete rs  and then continue the 
execution of the new program .
This type of process would requ ire  the  inclusion o f some fo rm  of 
Executive Routine within the  in te rp re te r  s tru c tu re  so as to  determ ine 
when program  exchanges could occur and hence share  the  in te rp re te r  
betw een two or m ore program s. If f a c i l i t ie s  w ere provided whereby the 
program s were c rea ted  by d iffe re n t u s e rs , then th e  sy stem  would 
essen tia lly  be sharing i t s  processing tim e  betw een d if fe re n t sy stem  users .
As the  PDP-8 system  does no t possess any ex tern a l ntass s to rage  
device, all program s would have to  be s to red  w ithin the  area  cu rren tly  
available fo r  program  sto rage  in the single u ser version. This would 
r e s u l t  in a reduction of the space available fo r  individual program s and 
hence the  maximum size of program  which could be accommodated within 
the  tim e  shared system .
A nother disadvantage of such a system  would be th a t  of the reduced 
execution speeds fo r  a single program  which would be incurred because the 
available processing tim e would be shared between a num ber of program s.
Experience gained when using th e  single u se r  version of Real Time 
FOCAL showed th a t  in general, program s fo r  on-line use would no t 
necessarily  be large. Also the execution speeds achieved were adequate fo r  
the type of work which was envisaged.
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Thus i t  was decided th a t  the FOCAL in te rp re te r  could be enhanced 
in order to  provide on-line computing fa c ilitie s  fo r  m ore than  one u ser on 
a single core only com puter.
6.2. Design C onstra in ts
The prim e co n stra in ts  of a shared system  a re :-
a. A u ser should no t be able to  access or co rru p t any
p a r t  of any o th e r u se rs  program . This essen tia lly  
means th a t  each u se r m ust be allocated a fixed 
am ount of core fo r  program  sto rag e  and then 
provided w ith p ro tec tio n  fa c ilitie s  so as to  ensure 
th a t  no o th er u se r can access th a t  area .
b. The possib ility  of a u ser w aiting fo r  a I/O device to
become available and thereby tem porarily  holding 
up the operation of another u sers  program  should 
be i. p rev en ted
c. Available processing tim e should be divided in such a way
as to  provide each of the  sy stem  u se rs  w ith  v irtua lly  
equal shares. ^
)
d. * Suffic ien t space m u st be made available fo r  adding re a l­
tim e functions to  th e  FOCAL sy stem  and i f  a t  all 
possible, the fa c ilit ie s  made available in th e  single 
u se r version of Real-Tim e FOCAL should be made 
available in the shared version of FOCAL.
e. The processing tim e  used fo r  exchanging u se rs  and
servicing console devices should be m inimised.
6.3. U ser Exchange Techniques
The p a ram ete rs  specifying the cu rren t s ta te  of a p a rtic u la r  FOCAL 
p ro g ram , a re  located within the  f i r s t  ha lf of zero page in th e  same 
memory fie ld  as the in te rp re te r .  A t p ro g ram /u ser exchange tim e , the 
p a ram ete rs  of the new program  m u st be in se rted  in to  th e ir  respective  
locations in page zero , so as to  contro l th e  operation of the new program . 
A t th e  sam e tim e , the p a ram ete rs  of th e  old program  m u st be saved un til 
such tim e as the operation of th a t  program  can be recom m enced. In o rder 
to  provide each of the system  u sers  w ith  equal shares of th e  available 
processing tim e , th is  p rocess of data  interchange should really  be clocked
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in some manner and users  should only be allowed to  rem ain in an 
operational s ta te  if  no o th e r  u se r is w aiting to  use the  com putational 
fa c ilitie s  a t  a specified exchange tim e.
U nfortunately  the in te rn a l subroutines o f FOCAL are  non re -e n tra n t .  
This would involve the saving of aU subroutine re tu rn  addresses and data  
s to re s  used within the  subroutines, fo r  each of the  sy stem  u s e rs ,if  an / 
ex terna l event was used to  tr ig g e r  th e  u se r interchange p rocess. This 
would require large am ounts of core fo r  s to rag e  purposes and also an 
increase in the tim e  required to  exchange u se rs . I t  would th e re fo re  be 
m ore convenient i f  some o th er method could be used fo r  in itia tin g  the 
exchange of u sers .
This can be achieved in FOCAL by making use o f the  f a c t  th a t  e ith e r  
a t  the end of every line o r th e  s t a r t  o f every sub line , no subroutine is 
in the position of being p artia lly  executed. A t th is  po in t, any of tlie 
subroutines could th e re fo re  be used w ithout havin g to  save re tu rn  
addresses or data  s to re s .
The above techniques would no t provide exactly  equal shares of the 
processing tim e fo r  each of the  system  u se rs . The inequality could 
however be minimised by th e  selection  of the  "break point" which occurs 
m o st frequen tly ,i.e . the s t a r t  of each sub line. The savings in swapping 
tim es and core used by such a technique would outweigh the  inequalities in 
tim e allocations involved p articu la rly  when dealing wi th  a core only 
mini com puter.
6.4. Term inal Input/O utput Handling
If  a u sers  program  was allowed to  w a it, e ith e r  fo r  input fro m  i t s  
associated  te rm inal device, or fo r  ou tpu t o f a ch a ra c te r  to  th a t  te rm inal 
device when the te rm inal device is s t i l l  in the  process of handling the la s t  
c h a rac te r , a lo t  of valuable processing tim e could be w asted. The 
possib ility  of a single u ser holding up a ll o th e r u se rs  in th is  s itu a tio n  could 
be avoided if  all inpu t/o u tp u t tra n s fe rs  between th e  u se rs  program  and i t s  
associated  te rm inal device were buffered .
Thus if  any u sers  program  req u ests  input fro m  i t s  associa ted  
te rm inal device, the input b u f fe r  m ust f i r s t  be examined to  determ ine 
w hether a ch a rac te r  is available. If an input ch a ra c te r  was p re sen t in the
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b u f fe r ,  the program  could continue in the norm al fashion. A lternative ly , 
if  no input was available, i t  would be e ssen tia l to  p u t th is  p a r tic u la r  useras 
program  into a w ait s ta tu s  and se le c t ano ther user's program . When input 
data  eventually becomes available in th e  input b u f fe r ,  th e  w a it s ta tu s  of 
the program  could be cleared and the program  swapped in to  the  active 
s ta tu s  in due course. ^
Sim ilarly w ith ch a rac te r  output. I f  the  te rm in al ou tpu t b u ffe r  
becomes fu ll and the program  is w aiting f o r  another f re e  space in the 
b u f fe r  fo r  the output of fu r th e r  c h a ra c te rs , the program  should again be 
pu t in to  a w ait s ta tu s . The in te rru p t p rocesso r could be used to  f i l l  the 
input b u ffe r  and em pty the output b u ffe r  thereby making th e  operation of 
the te rm in al device v irtually  independent of the  s ta te  o f execution of the 
program .
This p a rtic u la r  technique, although allowing e f fe c tiv e  use of the 
available processing tim e , n e c e ss ita te s  the  exchange of u se rs  a t  a position 
where a subroutine has been p artia lly  executed. I t  would th e re fo re  require 
th e  saving of all subroutine re tu rn  addresses associa ted  w ith  te rm inal 
I/O tra n s fe r s  and all possible active s to re s  used w ithin those rou tines in 
addition to  the p a ram ete r s e t  located in  zero  page. ^
6.5. Core A llocations and Design C rite r ia
The core only configuration of the PDP-8 com puter sy stem  
n ecessita ted  th a t  a lim it be imposed upon the maximum number of users  
which could be accommodated by the system . This lim it was determ ined by 
the following fa c to rs  :-
a) The am ount o f core available a f t e r  the re a l- tim e  extensions,
u se r exchange Executive rou tines and te rm in a l handling 
rou tines have been in teg ra ted  in to  the  FOCAL in te rp re te r .
b) The minimum acceptable area  of core required  fo r  a u sers
program .
E3q>erience, which had been gained in developing FOCAL program s 
fo r  data  acquisition and contro l purposes, had shown th a t  the  minimum 
acceptable core space fo r  a program  * would be about the  sam e as th a t  
provided in the 4K version of FOCAL (C hapter 3, Figure 6). This 
magnitude of core area  fo r  u sers  program  * s to rage  could have been 
achieved by an adiaption of the  4K FOCAL system  in th e  following m anner:-
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In the 4K sy s te m , the u sers  program  * is  accommodated in the  
same fie ld  as the in te rp re te r .  The u ser exchange executive rou tines 
of a m u lti-u se r sy stem  could be used to  exchange th is  core a re a , holding 
an active program  * w ith ano ther core area  holding a non-active program  *. 
The executive ro u tin e s , te rm in a l handling rou tines and non-active users  
program s * and associa ted  running p a ram ete rs  could then be accommo- ' 
dated within the unused 4K of an 8K com puter system .
Such a sy stem  has been adopted fo r  the  fo u r  u ser o ff-lin e  version 
o f FOCAL, QUAD (47), which opera tes  w ith the  core configuration 
il lu s tra te d  in F ig .30. Three non-active u ser b u ffe rs  are  made available 
in fie ld  0 , to g e th e r w ith the  Executive Routines and te rm in a l handling 
rou tines. The active user- program  area  is  located  in fie ld  1 w ith the 
in te rp re te r . This core configuration also provides a lim ited  am ount of 
f re e  space fo r  extensions to  the  in te rp re te r .
This p a rtic u la r  configuration has been used as a bas is  fo r  a re a l­
tim e m u lti-u se r version of FOCAL (49) b u t w ith only lim ited  
capabilities.
This technique of tim e  sharing employed w ithin the QUAD system  
h a s  numerous disadvantages, am ongst these  a re :-  ^
1. Swapping th e  whole of a u se rs  program  in addition to  the 
zero  page po in ter and I/O subroutine p a ram e te r en ta ils  
th a t  approxim ately IK of core m u s t be tra n s fe r re d  in 
bo th  d irec tio n s , i.e . active to  non-active and non-active 
to  ac tiv e . This takes approxim ately 55 m seconds in 
th e  executive rou tines of QUAD, during which tim e 
approxim ately six FOCAL commands could have been 
executed. Obviously some tim e will be regained, as 
le ss  of th e  available processing tim e  w ill be w asted by 
a single u se r becoming I/O bound. The n e t t  r e s u l t  i s  
th a t  approxim ately one-th ird  of th e  available processing 
tim e  is used by the  swapping ro u tin e  even when u sers  are  
exchanged once every fo u r sub-lines. The rem ainder of 
th e  tim e  is divided between sy stem  u se rs . Since an













in te rp re tiv e  mode of program  execution is inherently  
slow, an additional tim e loss of th is  m agnitude would 
severely reduce th e  response of the system .
2. In view of the  core requ ired  fo r  extensions to  FOCAL
fo r  single u ser re a l- tim e  ap p lica tio n ,it would be
)
preferab le  i f  a l i t t l e  m ore spare core space was 
available than th a t  p re se n t in QUAD, Also f o r  the sam e 
reasons as were described when developing re a l- tim e  
FOCAL, i t  would be p referab le  i f  the available core were 
located in the  sam e fie ld  as the  in te rp re te r .
3. Although the u ser space available w ithin QUAD is  the sam e
as in 4K FOCAL, th is  is the absolute minimum am ount 
which could be to le ra te d  and i t  would be an advantage i f  
i t  could be extended.
An allied problem  to  th is  is  the  use of the  dynamic 
s to rage  allocation techniques of 4K FOCAL. As 
described in C hapter 4 , th is  is an annoying fe a tu re  as 
variables a re  au tom atically  erased  every tim e  the program  
is modified. ^
All of these  disadvantages could be easily  overcome by adopting a 
d if fe re n t method of u ser core allocation. If each of the system  u se rs  
was allocated a fixed area of core w ithin the fie ld  no t occupied by the  
in te rp re te r ,  only the  z e ro  page p o in te rs , I/O subroutine re tu rn  add resses, 
active re g is te r  and the po in ters defining the  program  a rea  would need to  
be saved a t  u ser swapping tim e. This would mean th a t  the t r a n s f e r  of about 
120 words of da ta  would be involved, requiring approxim ately 6 m seconds, 
an essen tia l im provem ent upon the 55 m seconds taken by QUAD.
The core areâ used within QUAD fo r  the  active program  would be 
released  com pletely allowing su ff ic ie n t space within the  in te rp re te r  fie ld  
to  include all fa c ilitie s  available w ithin Real-Tim e FOCAL.
The available core fo r  program  sto rage  could provide th re e  u se rs  
w ith about the sam e amount of program  space as was available in QUAD.
This as previously discussed is n o t really  su ff ic ie n t and i t  would be 
p referab le  i f  the  available space was divided between only two u sers  and 
n o t necessarily  in equal proportions.
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I t  was th e re fo re  decided th a t  a two u se r version of FOCAL should 
be im plem ented. The envisaged core configuration is as shown in F ig .31.
I t  is  in many ways s im ila r to  the  core configuration adopted in Real-Tim e 
FOCAL w ith  th e  program  sto rag e  a rea  located  in a d if fe re n t fie ld  to  the 
in te rp re te r .  Many o f the fa c ilitie s  added to  Real-T im e FOCAL could 
th e re fo re  be im plem ented providing a two u se r  system  com patible w ith 
th e  single u se r  system .
The sy stem  executive would contro l the  execution of u sers  program s 
on a Roll-in Roll-out basis using the s t a r t  of line breakpoint as a swapping 
point. So as to  reduce the  amount of tim e  spen t exchanging u se rs , 
swapping wiU essen tia lly  be carried  ou t every fo u r sub lin es, providing 
fa c il it ie s  fo r  a lte rin g  th is  value should the  response prove inadequate. A 
u se r  in an I/O w ait s ta tu s  awaiting the  availability  of his te rm in a l device 
would be inhibited fro m  becoming ac tiv e , thereby avoiding the  possibility  
o f an I/O  bound u ser holding the system  up.
Inpu t/O utpu t ch a rac te r  t ra n s fe rs  would be b u ffe re d , the te rm inal 
device being in te r ru p t driven.
6.6. Executive Routines of the  Time Shared System  ^
The executive rou tines which allow two u se rs  to  execute program s 
and e ffe c tiv e ly  tim e share the in te rp re te r  a re  s im ila r in s tru c tu re  to  
those  employed in QUAD. They can be subdivided in to  th e  In te rru p t 
P ro c e sso r, Teletype Input and O utput Service Routines and U ser Swapping 
Routines.
As a program  in te rru p t causes an au tom atic  subroutine jump call 
to  location  0000 in fie ld  0 i t  would be convenient i f  th e  in te rru p t 
p ro cesso r and te le ty p e  service rou tine  w ere located  in fie ld  0. The 
Executive Routines were th e re fo re  developed to  reside  in fie ld  0 and 
o p era te  upon the  re s id en t in te rp re te r  in fie ld  1.
6.6.1. The In te rru p t P ro cesso r
This o p era tes  using a skip chain technique. I t  has been arranged to  
serv ice  in te r ru p ts  fro m  the  following devices :-
a) Pow er fa ilu re  p ro tec tio n  option. D etection of Power low 





































to  be saved ready fo r  au tom atic  r e s t a r t  once the  power 
level re tu rn s  to  the  norm al s ta te .
b) The te le ty p e  te rm inal devices of both  sy stem  u se rs . The
d etec tion  of an in te rru p t fro m  an input te rm inal device 
causes the  keyboard serv ice rou tine co be en tered . The 
de tec tion  of an in te rru p t fo r  an ou tpu t te rm in a l device 
to  signify th a t  i t  is ready to  receive ano ther output 
ch a ra c te r  causes the  printer serv ice rou tine  to  be en tered .
c) The re a l- tim e  clock. (See Section 6.9 on tim ing considerations)
Every clock in te rru p t,c a u se s  a single s e t  of counters 
recording cu rren t tim e and the counters used fo r  u sers  
scan flags to  be updated. If any of th e  scan flag  counters 
"ro lls  over" to  zero , th e  scan flag  associa ted  w ith  th a t  
p a r tic u la r  counter is  s e t  to  a negative value and the 
counter value re-in itia lised . As each u se r has been allocated 
th re e  scan f la g s , a to ta l  of six counters m u st be updated 
a t  each clock in te rru p t. Each second th e  watchdog tim e r  
on the  ou tpu t counter card p ro tec tio n  sy stem  is  updated; 
the  input counter cards on channel addresses 1 to  6 are  
read  and r e s e t ,  the  count values being s to re d  in an input 
tab le . Provision has been made to  serv ice outputs fo r  the 
ou tpu t counter cards on channel addresses 0 to  9 i f  th e re  
is  any ou tpu t da ta  available in th e  ou tpu t tab le.
6.6.2. U ser S ta tu s  Record Manipulation
As only one u se r can be in an active s ta te  a t  any one tim e , i t  is 
necessary  to  hold in form ation  as to  the  s ta te  of execution of a non-active 
program . Such in form ation  would include th e  r e s t a r t  address fo r  when the  
program  becomes ac tive  again, the  nex t available position in the te le type  
output b u ffe r , the position  in the  input b u f fe r  which should contain the 
nex t input ch a rac te r. Inform ation would also be required as to  w hether a 
p a rtic u la r  u se r is an I/O w ait s ta tu s  or s im ila r condition.
Sim ilarly when dealing w ith in te rru p ts  fro m  te rm in a l devices, i t  is 
necessary  to  know which u se rs  te rm inal has caused the  in te r ru p t,  where in 
the  output b u ffe r  the nex t c h a rac te r  fo r  ou tpu t can be found, where in th e  
input b u f fe r  the nex t input c h a rac te r  should be s to red .
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In order to  m aintain a record  of all th is  in fo rm ation , each user 
is  provided w ith a s e t  of p a ram e te rs , Fig.32, which a re  norm ally located 
in a "base"area of core. In order to  update th is  s e t  of p a ram e te rs  i t  
is  necessary  to  move them  fro m  the base area  of core in to  the  active 
locations in zero page (Fig.32) and upon completion of a ll th e  updates, 
the  p aram eters  are  re tu rn ed  to  the base a rea  of core. The rou tines which 
perfo rm  these  functions a re  ONDECK and OFFDECK respectively .
The occasions a t  which updating of the  p o in te r is necessary  a re :-
1. A t u ser swapping tim e where a record  of the  s ta t e  of
the  new non-active u se rs  program  m u st be m aintained.
2. E ith e r  when a ch a rac te r  is en tered  in to  the ou tpu t b u ffe r
o r requested  from  the input b u f fe r  by a FOCAL program , 
th e  b u f fe r  con tro l p o in ters  m u st be updated.
3. In the event of an in te rru p t fro m  e ith e r  a keyboard device
a ch a rac te r  will be en tered  in to  an input b u f fe r ,  
requiring th a t  the  input b u f fe r  input p o in te r be r e s e t .
4. In the event of an in te rru p t fro m  a p r in te r  device a
ch a ra c te r  will be e x trac te d  fro m  an ou tpu t b u f fe r ,  if  
available, and the  ou tpu t b u f fe r  ou tpu t po in ter m u st be 
re s e t .
6.6.3. Keyboard Service Routine
This rou tine has been designed to  serv ice an in te r ru p t fro m  e ith e r  
o f the  keyboard devices in the  following m anner:-
The skip chain in the in te rru p t p rocesso r m aintains a record  of 
which u ser’s device in te rru p ted  th e  program . The rou tine  ONDECK is then 
used to  t r a n s f e r  th is  user!s p a ram ete r s e t  in to  page zero.
The lOT code held within the  param eters is  used to  fo rm  a read 
in s tru c tio n , and the  ch a ra c te r  is read in to  th e  p ro cesso r accum ulato r.
The input ch a rac te r  is f i r s t  te s te d  fo r  a con tro l code which p erfo rm s 
various functions within the sy s te m ., e .g .:-
C h arac te r ASCII code Function
CTRL/C 203 P rogram  ab o rt
CTRL/R 222 Teletype Echo Disable
CTRL/T 224 T eletype Echo Enable
CTRL/S 223 Online p a ram e te r m odifiad
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PCM A ctive users  program coun ter
OBUFO Teletype output b u ffe r  ou tpu t p o in te r
OBUPI T eletype output b u ffe r  in p u t p o in te r
OBUFO B eset value fo r  a c tiv e  u sers  inpu t and
output te le ty p e  b u ffe rs
IBUFI Teletype in p u t b u ffe r  in p u t p o in te r
IBUFO Teletype in p u t b u f fe r  output p o in te r
DECKP A ctive users s ta tu s  word,See f ig u re  34
fo r  d e ta ile d  exp lanation  
lOTX lOT code fo r  a c tiv e  users  te le ty p e
Figure 32o Active Users S ta tu s  Param eters
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O rdinary input ch arac te rs  a re  echoed a t  the  u se r’s console via 
the  rou tine  ACTION Q, provided th a t  the  echo fa c ility  has n o t been 
d isab led . The c h a ra c te r  is then loaded in to  idie c h a ra c te r  input b u ffe r  
using the  po in ter IBUFI which is then updated to  point to  th e  nex t f re e  
space available in th e  b u ffe r.
If  the  ch a ra c te r  input b u f fe r  has m ore than 9 ch a ra c te rs  s to red  
in i t ,  o r i f  a carriage  re tu rn  c h a rac te rs  is  d e tec ted  on input, the  input 
w ait s ta tu s  b i t  is cleared , allowing a u se r’s program  to  be continued a t  
the  nex t exchange point.
F u rth e rm o re , if  a user's  program  is only w aiting fo r  a single 
c h a ra c te r  input as in tlie case of ASK and MODIFY commands, i t  is 
necessary  to  enable the  u se r to  obtain th e  ch a ra c te r  im m ediately. Thus 
en try  in to  e ith e r  ASK o r MODIFY o r new LIBRARY commands cause a 
single c h a ra c te r  input mode flag  to  be s e t  which signifies th a t  the  input 
w ait b i t  m u st be cleared upon th e  re ce ip t of a single ch a rac te r .
E x it fro m  th e  keyboard rou tine re tu rn s  con tro l back to  the 
in te r ru p t  skip chain a f t e r  replacing the updated user's  p a ra m e te r  back 
in th e ir  "base area" using th e  Routine OFFDECK. t
)  ■
6.6.4. P r in te r  Service Routine
This rou tine  is also en tered  fro m  th e  in te rru p t p rocesso r skip 
chain, th e  rou tine  ONDECK being used to  obtain th e  in te r ru p t u ser s ta tu s  
p a ram e te r.
The ou tpu t b u f fe r  is examined in order to  determ ine i f  any 
c h a ra c te rs  a re  available fo r  prin ting  by using the  po in ter OBUFO. If no 
c h a ra c te rs  a re  p re se n t in the  output b u f fe r ,  the  p r in te r  flag  is cleared, 
and th e  ou tpu t w ait s ta tu s  b i t  fo r  th is  u ser is also cleared. If a c h a rac te r  
is found in the  b u f fe r ,  i t  is tra n sm itte d  to  the p r in te r  fo r  p rin ting  and 
th e  so ftw are  te le ty p e  in progress flag  s e t.
E x it fro m  th is  rou tine re tu rn s  contro l back to  the in te rru p t sk ip  
chain a f t e r  replacing the u se rs  s ta tu s  p a ram ete rs  w ith  th e  rou tine  OFFDECK.
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6.6.5. C harac ter P rin ting  Routine ACTION Q
This routine is used fo r  the handling of ch a rac te r  fo r  output.
If  the te le type "in-progress" so ftw are  flag  is  s e t ,  a c h a rac te r  is loaded 
in to  the output b u ffe r  using the  po in ter OBUFI, the p o in te r being 
updated to  point to  the position in the b u ffe r  where the n ex t f re e  space 
should be. If the  te le type  in progress flag  is no t s e t ,  the  c h a ra c te r  is 
sen t d irec tly  to  the te le ty p e  and the  in p rogress flag  s e t.
6.6.6. U ser Swapping Routines
As previously discussed, in a tim e  shared sy stem , e ffe c tiv e  
m easu res m ust be taken in o rder to  avoid the possib ility  of an I/O  bound 
u ser holding up the execution of ano ther u se r’s program . Also u se rs  m ust 
be exchanged a t  o ther s e t  tim es so as to  give each a f a i r  share of available 
computing tim e. In the executive rou tines of th e  two u se r sy stem  these 
operations a re  carried  out by fo u r rou tines.
6.6.6.1.C harac ter Input Routine to  the  In te rp re te r  XRD
Any req u est fro m  a FOCAL program  fo r  input fro m  the  keyboard 
device causes program  contro l to  be tra n s fe r re d  to  th is  rou tine.
The u sers  s ta tu s  p a ram ete r are  s e t  up in page zero w ith  the 
rou tine  ONDECK and the  te le type  input b u ffe r  is examined f o r  a ch a rac te r  
by using the poin ter IBUFO. If a ch a rac te r  is found in the  b u f fe r ,  th a t  
location of the input b u ffe r  is cleared , the  po in ter IBUFO updated, the 
s ta tu s  p a ram ete rs  a re  re tu rn ed  to  th e ir  "base area" of core by using ' 
OFFDECK and the ch a rac te r  re tu rn ed  to  FOCAL fo r  program  continuation.
A lternatively  if  the input b u ffe r  has no available c h a ra c te r  the users  
input w ait s ta tu s  b i t  is s e t ,  the re tu rn  address to  FOCAL is  saved in the 
location PCM of the  u sers  s ta tu s  p a ram e te r which a re  then re tu rn ed  to  base 
area . Control is then passed on to  the  new u se r selection  rou tine  EXCHE.
6.6.6.2.C h arac te r O utput Routine fro m  the In te rp re te r  EXPRN
An output req u est fro m  a FOCAL program  causes con tro l to  be 
tra n s fe rre d  to  th is  routine. The user's  s ta tu s  p a ram e te rs  a re  in itia lly  
loaded in to  page zero by using ONDECK, and the c h a ra c te r  i s  loaded in to  
the output b u ffe r  or p rin ted  by use of routine ACTION Q. If the ch a rac te r  is 
successfully  loaded in to  the b u ffe r  or p rin ted , s ta tu s  p a ram e te rs  are  
re tu rn ed  to  base area  and program  contro l re tu rn ed  to  th e  active  FOCAL
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program .
A lte rn a tiv e ly , i f  the output b u ffe r  becomes fu ll a t  th is  s ta g e , 
tiie ou tpu t w ait s ta tu s  b i t  fo r  th is  u se r is  s e t ,  the  r e t u ^  address to  
FOCAL saved in PCM and s ta tu s  p a ram e te r re tu rn ed  to  base area . 
Eventually con tro l is passed on to  the  new u ser selection  rou tine EXCHE.
F ig .33 illu s tra te d  the  m ethod by which all the  ch a rac te r  handling 
rou tines a re  re la te d  to  the I/O b u ffe rs .
6.6.6.3.U ser Swapping Poin ts Check Routine EXCHK
This rou tine  is en tered  a t  the s t a r t  of every sub line break  point 
o f FOCAL. A counter in th is  rou tine m aintains a record  of the  number 
o f lines executed in the active userfe program . If the req u isite  number of 
lines have been com pleted (th is  number may be changed in o rder to  tune 
the  system ) the  re tu rn  address in FOCAL fo r  th is  u se r is saved and 
con tro l is  t ra n s fe r re d  to  EXCHE.
6.6.6.4.New U ser Selection Routine EXCHE
This ro u tin e  is used fo r  te s tin g  the availability  of e ith e r  of the 
two sy stem  u se rs . Any u se r in input or output w ait s ta tu s  is no t allowed 
to  become active . The w ait s ta tu s  b its  of the  u se rs  a re  th e re fo re  te s te d  
u n til a u se r  is found in the req u isite  s ta te  fo r  becoming active.
I f  the  se lec ted  u ser was th e  la s t  active u se r, contro l is  re tu rn ed  
im m ediately to  the  continuation point in FOCAL. A lte rn a tiv e ly , i f  the 
se lec ted  u se r was in a non-active s ta t e ,  the program  p aram ete rs  of the 
two u se rs  a re  exchanged so as to  s e t  th e  selected  u ser in a c tiv e  s ta tu s .
On com pletion of the data  exchange p rocess , contro l is  re tu rn ed  to  the 
c o r re c t  continuation point in FOCAL.
6.7. Summary
All the rou tines were w ritte n  using th e  available PAL III cross 
assem bler sy stem  so as to  produce a s tandard  binary overlay tape f o r  4K 
FOCAL 1969. The lis tin g s  have been included on m icrofiche and supporting 
docum entation in te rm s  of flow sheets in appendix E.
The rem ainder of th is  section deals w ith the m odifications th a t  were 
necessary  to  a How th e  in te rp re te r  to  operate  under the  new core 
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D irect to  te le typ e  
i f  buffer i s  empty
Figure 33» O peration o f TelGt^-pe Input and Output C haracter B uffers
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0 1 2 5 4 5 6 ? 8 9 1 0 1 1
IN P U T o u t p u t CTRL/S C T R L/S ECHO T T Y  ,N SINGLE
W AIT W A IT ' TYPED READY P IS A B ut MODE
BIT 1 ; Inpu t w ait b i t
The b i t  i s  se t to  a 1 or w ait s ta tu s  i f  th e  users  program i s  
w aiting  fo r  a ch arac te r to  be inputo
The b i t  i s  cle&red fo r  non w ait s ta tu s  i f  more than  9 lo ca tio n s  
o f th e  input b u ffe r  have been used or i f  a RETURN is  d e tec ted  ôn 
in p u t , I f  the user i s  in  s in g le  c h a rac te r  mode (see  BIT 11) th is  
w ait b i t  i s  c lea red  a f t e r  the  inpu t o f a s in g le  ch a ra c te r
BIT 2: Output w ait b i t
The b i t  i s  s e t to  a 1 o r w ait s ta tu s  i f  the  users program sends 
a ch a rac te r  to  the output ro u tin e  and encounters an almost f u l l  
b u ffe r .
The b i t  i s  c leared  fo r  non w ait s ta tu s  i f  th e  c h a ra c te r  output 
ro u tin e  fin d s  an empty b u ffe r
BITS 3&4î Used in  the O n-line Param eter M odification  Routine .
I f  a ctrl/ s c h a rac te r  i s  de tec ted  on in p u t , BIT 3 i s  s e t to  a 1
When the next RETURN is  d e tec ted  BIT 3 i s  c lea red  and BIT 4 i s  s e t
to  a 1 to  denote th a t  the message has been entered.BIT 4 i s  c lea red  
once the message has been decoded
BIT 7: Echo d isab le  b i t
Set by CTRL/R code in  order to  k i l l  in p u t echo,C leared by CTRL/C 
or CTRL/P
BIT 10: Teletype in  p rogress f la g
Set by the c h a rac te r  output ro u tin e  when a ch a rac te r  i s  sen t to  a
te le type .U sed  by the  output ro u tin e  to  determ ine whether a ch a ra c te r
should be sent d i r e c t ly  to  the  te le ty p e  or to  the ou tpu t b u ffe r . 
C leared by having an empty b u ffe r  and the te le ty p e  done f la g  being 
s e t
BIT 11 : S ingle ch a rac te r  mode f la g  .
Set by ASK or MODIFY commands.Causes the  inpu t w ait b i t  to  be c leared  
a f t e r  every inpu t c h a ra c te r . I t  i s  c lea red  whenever a new u se r i s  
brought in to  ac tiv e  s ta tu s
F igure 34: Users S ta tu s  Y/ord DECKP B it A lloca tions
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necessary  fo r  single u se r FOCAL and those necessary  fo r  two u se r FOCAL.
6.8. M odifications to  the  in te rp re te r  to  allow fo r  proposed core 
configuration
The proposed core configuration is  as i l lu s tra te d  in F ig .31 and i t  
is s im ilar in many ways to  th a t  of 8K single u ser system . Except fo r  the 
obvious f a c t  th a t  the  s to rag e  a rea  is shared betw een two u se rs  and 
executive routines have been included so as to  tim e  share th e  in te rp re te r ,  
th e  only d ifference is th a t  the in te rp re te r  is  now re s id e n t in fie ld  1 instead 
of fie ld  O.
T herefo re , m odifications s im ilar to  those made in the  single u ser 
version (Chapter 5) to  account fo r  the change in variable search  ro u tin es , 
te x t  s to rage  and access ro u tin es , and push down l i s t  con tro ls  would have 
had to  be made to  the  two u ser versions^ th e  only d iffe ren ce  being the 
change in fie ld  s e ttin g  and the  location w ithin the in te rp re te r .
6.8.1. LIBRARY Command
To the u se r th is  command is identical in operation to  the  LIBRARY 
command in th e  8K version of FOCAL, each u se r being able to  allocate  his 
fixed s to rage  area betw een te x t  and variables.
I t  was however necessary  to  add e x tra  p ro tec tio n  fa c ilit ie s  so as 
to  avoid the possib ility  of one u ser s tray ing  in to  ano ther u se r 's  area .
6.8.2. Symbol tab le  Editing and Saving
The commands used fo r  editing symbol tab les  and savin g them  are  
identical to  those commands used in the  single u se r version in bo th  operation 
and im plem entation.
6.8.3. MODIFY command
The m odification to  single u ser re a l tim e FOCAL whereby a u ser 
may duplicate lines has also  been included in the  two u se r version. The modes 
of operation and im plem entation a re  iden tical in the  two versions.
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6.8.4. Hard Copy fo r  ASK
The hard copy fa c ility  im plem ented on the ASK command in 
single u ser FOCAL (i.e. line feed response to  the  ASK prom pt) has been 
im plem ented on the two u ser version in an iden tical fashion.
6.8.5. Random Number G enerator FRAN
A random number generato r of the sam e fo rm  as th a t  used 
in the  single u ser versions was im plem ented in the  two u se r version in 
an identical fashion.
6.8.6. O th e r  D ifferences
The high speed read er was made unavailable because m o st of 
the  system  term inals w ere likely to  be located in lab o ra to ries  rem ote  
fro m  the com puter and u sers  would no t th e re fo re  have easy access to  
th is  fac ility .
6.9. Timing Considerations
B efore proceeding to  develop tim ing and synchronous data  
sampling fa c ilitie s  in an identical fashion to  those produced in the single 
User re a l- tim e  FOCAL, i t  was again necessary  to  consider the possible 
tim ing e r ro rs  which could occur.
F or example, assuming th a t  sim ilar tim ing functions ex isted , the 
following could rep re sen t tim ing loops crea ted  by both  of the system  u sers . 
USER 1. USER 2.
11.01 I (FLAG (A)) 11.10 11.01 I (FLAG (A)) 11.10
11.02 S I = I + l  11.02 S I = I + l
11.03 S J = J + 1 11.03 S J = J + 1
11.04 G 11.01 11.04 G 11.01
11.10 T " TICK " , I 11.10 T " TOCK " , Î
11.12 S J = 0 ; S I = 0 ; G  11.01 11.12 S I = 0 ; S J = 0 ; G 11.01
Under unfavourable c ircum stances, any user's  scan flag  could become 
S e t im m ediately a f te r  i t  has been in te rro g a ted . If  u se rs  are  being swapped 
every four lines and th is  u ser has only ju s t been s e t  up in an active s ta tu s ,  
then th ree  lines of his own program  and fou r lines of the o th er users  program  
ïn igh t have to  be executed befo re  th e  flag  could be re -in te rro g a te d .
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Assuming an average tim e of 7 m seconds p er command, to g e th e r w ith the 
12 m seconds required  fo r  u ser swapping, a delay of up to  70 m seconds 
could occur. This of course is the w o rst possible case as i t  is unlikely 
th a t  fo u r commands would be included w ithin a sim ple tim ing w ait loop.
I t  could also be reduced by swapping users m ore freq u en tly , although th is  
would increase th e  proportion of processing tim e used fo r  swapping.
However, i f  one considers a random e r ro r  in tim ing of between 
0 and 70 m seconds, r e s u l ts  of the  sim ulation study outlined in Appendix B 
would appear to  show th a t  th is  magnitude of e r ro r  is  acceptable provided 
th a t  sampling periods o f no t le ss  than % second are  used.
Thus i t  was decided to  im plem ent scanning fa c ilit ie s  in the two 
u ser version in an iden tical m anner to  the scanning procedure implemented 
in the  single u se r  version. Synchronous data  sampling being s e t  up by using 
a so ftw are  flag  fa c ility  and I/O peripherals being d irec tly  accessed ra th e r  
than clock driven (except fo r  the  Input and O utput Counter Card System s).
As th e  com puter sy stem  is  only provided w ith  a single clock 
whose in te rru p ts  have to  con tro l the tim ing p ro p ertie s  of th e  operating 
sy stem , i t  was necessary  to  im plem ent the tim ing fa c i l i t ie s  in the following 
m anner so as to  p reven t one u se r corrupting the  tim ing p ro p ertie s  of another 
u ser program .
As the  u se rs  will no t necessarily  requ ire  iden tical scanning 
periods, i t  was necessary  to  provide each u ser w ith  his own re se tta b le  scan 
flags. As bo th  s e ts  of scan flag  counters would be controlled  by clock 
in te r ru p ts , the  clock r a te  would have to  be p re se t  w ith  u sers  unable to  
a l te r  the  frequency of tim ing pulses.
In th e  single u se r version of Real-Tim e FOCAL, the  fa c ility  
was provided whereby the  u ser could s e t  up the  value of his absolute tim e 
counters. This could have been included in the two u se r version, if  each 
u se r was provided w ith  his own s e t  of tim e counters. Having to  update two 
s e ts  of c u rre n t tim e  counters each tim e th e re  was a clock in te rru p t, 
re su lts  in a w aste  o f processing tim e and core space which cannot be afforded  
in a tim e shared system .
I t  was th e re fo re  arranged th a t  only a single s e t  of absolute tim e 
counters would be made available. The sy stem  u sers  would be allowed to  
share th e  fa c ility  b u t n o t allowed to  r e s e t  the  clock counters. If absolute 
tim e is requ ired  then i t  would be necessary  to  p re se t  the clock counter on
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in itia liza tion .
Thus th e  FTIM and FLAG functions have been im plem ented and 
a re  available in the fo rm  shown in F ig .35.
6.10. P r io r i ty  Tasking System
A foreground/background p rio r ity  tasking sy stem  has been 
adopted in the two u se r version o f Real-T im e FOCAL. The sy stem  uses the  
end of line b reak  poin t so as to  avoid confusion w ith  th e  beginning of line 
break point which was allocated  to  u ser swapping.
Group 31 has been allocated  as the  p r io r ity  group. Each user 
has been provided w ith  identical fa c ilit ie s  fo r  enabling and disabling the 
p r io r ity  groupas w ere provided in the  single u se r versions, i.e . the E C and 
E D commands.
6.11. Inpu t/O utpu t T ra n s fe r
All th e  input functions produced a re  iden tical in operation and 
im plem entation to  those used in th e  single u ser version. This was possible 
because th e re  was no need to  p ro te c t  against one u se r reading another u se r 's  
input device. Each tim e the peripheral is accessed , the  cu rre n t value is 
obtained. Even in the case of the  input counter card sy s tem , the da ta  can 
be re -accessed  as i t  is  no t cleared a f t e r  reading fro m  the input data  table.
O utput functions on the  o th e r hand m u st be p ro te c te d  so th a t  one '  
u ser cannot t ra n s m it  d a ta  on ano ther u se r 's  peripheral devices.
P ro te c tio n  has been achieved by allowing one u ser to  output on 
even channels only and the  o th e r u ser on odd channels only. The channel 
address argum ents of ou tpu t functions m u st th e re fo re  be examined and 
compared w ith  th e  allocated  channel addresses fo r  the active user.
As th is  fo rm  of p ro tec tio n  m u st be applied to  all output functions, 
i t  was decided th a t  the  "manual" increm ental ou tpu t function F INC should be 
incorporated  within th e  FOUT command as
FOUT (OINC , CHANNEL , VALUE) 
so th a t  th e  p ro tec tio n  ro u tin es added to  the  FOUT command could be used.
The rem ainder of the  output functions a re  iden tica l in n a tu re  to  
those used in the  single u se r versions of Real-Tim e FOCAL.
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6.12. C ontrol
The PCI con tro l algorithm  was adopted fo r  the two u ser system  
b u t im plem ented in a slightly  d iffe re n t fo rm . Instead of using a FOCAL 
function call, the  con tro l algorithm  was w ritte n  as a command. The 
reason fo r  th is  w a ^  th a t  a slightly  improved speed of operation would 
re su lt. Also the available space within the  sam e fie ld  as the in te rp re te r  
m eant th a t  all extended functions could be re ta ined  and the  addition of m ore 
function calls would have required a re -a rran g em en t of the function s o r t  
and branch ta b le s .. The a lte rn a tiv e  procedure of using an available space 
w ithin the  command s o r t  and branch l i s t s  (originally used fo r  the high speed 
reader) was a m ore a t t r a c t iv e  proposition.
The command was developed . to  be used in th e  following fo rm s :- 
PCI (A , B , C , D , E , F ; G)
PCI (A , B , C , D , E , F , G)
w here A is the  ou tpu t channel address betw een 0 and 9 
B is  th e  loop m easured value 
C is  th e  loop s e t  point
D is  th e  In teg ra l Action tim e 4
E is  th e  Scanning in terva l 
F is  th e  Gain F a c to r
G is  a named variable which is given the value of the 
com puter increm ental output.
The fin a l argum ent has been included so th a t  a record  is 
available of the  increm ental ou tpu t value fo r  the  purposes of e ith e r  checking 
th e  num erical value produced by the contro l algorithm  or fo r  the purposes of 
cascade con tro l. In cascade con tro l, the output of one con tro l block would 
be used as a v ariab le  p a ram e te r  fo r  another block. As no ac tua l output to  
the  equipm ent would be requ ired  under these circum stance s the ; d e lim iter 
has been included b e fo re  the  fin a l argum ent so th a t  ou tpu t to  the ou tpu t 
coun ter card sy stem  may be inhibited.
A nother usefu l f e a tu re  of the  ; version of the  command is th a t  
i t  may be used to  in it ia te  the  con tro l algorithm . Inhibiting ou tpu t would 
avoid th e  in itia l "bump" in the sy stem  when the con tro l algorithm  is s ta r te d .
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The use of a single channel address /  loop num ber p a ram ete r 
is  re s tr ic t iv e  b u t was a necessary  condition which had to  be imposed upon 
the  sy stem  so as to  provide u ser p ro tec tio n  and also to  reduce the tim e 
taken by the control algorithm . One u se r has been allowed even channel 
addresses and the o th er odd channel addresses. I t  was found th a t  th is  
condition could be im plem ented easily  if  loop p a ram e te rs  w ere s to re d  as a 
combined table ra th e r  than having a sep ara te  tab le  fo r  each user.
The system  adopted also m eant th a t  one le ss  argum ent was 
required  thereby saving a l i t t l e  tim e in evaluation on m anipulation rou tines.
The algorithm  is completed by calls to  a floa ting  point in te rp re te r  j 
using the  la s t  argum ent as a variable name in to  which the  floa ting  point 
value may be loaded using the variable search  and save rou tines available 
w ithin the FOCAL in te rp re te r .
The computed value is  also converted to  in teg e r which is  clocked 
ou t every second by the in te rru p t p rocessor in an iden tical manner to  th a t  
used in the single u ser version of FOCAL,
6.13. P a ra m e te r  M odification Routine
To the  ex ternal iiser, th is  rou tine  is  iden tical in operation to  
th e  rou tine  used in the single u ser version of FOCAL. However as the  modes 
of c h a ra c te r  handling in the tr;;o sy stem s a r  e d if fe re n t,  i t  was necessary  to  
adopt a somewhat d if fe re n t approach.
When a CTRL/S contro l code is  d e tec ted  by the  keyboard p ro cesso r, 
i t  has been arranged th a t  a flag  is s e t  w ithin the u se r 's  s ta tu s  p a ram ete r 
(see F ig .34) to  signify th a t  the  nex t s e t  of input ch a rac te rs  is  to  be used fo r  
p a ra m e te r  m odifietion. A t th is  po in t i t  was also found necessary  to  inhibit 
TYPE and ASK s ta te m e n ts  b u t only fo r  the u ser try ing to  modify one of his 
p a ram e te rs . A general inhibit in TYPE and ASK would cause the o th er user to  
be held i:ç> as well.
When all th e  flags and inhibit sw itches have been s e t ,  a %> 
c h a ra c te r  is echoed by the com puter as an acknowledgment.
I t  has been arranged th a t  subsequent ch a rac te rs  typed in a t  the 
keyboard, are  loaded in to  the  ch a rac te r  input b u ffe r  and echoed on the p r in te r  
device. When a carriage re tu rn  ch a rac te r  has been d e tec ted , ano ther flag  is 
s e t  in the  u se r 's  s ta tu s  p a ram e te r signifying th a t  the  com plete command has 
been en tered  in to  the  b u ffe r .
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Using the  end of line break po in t, the command com plete 
flag  is examined a t  the  end of every line in the FOCAL program . When 
found in th e  s e t  condition, FOCAL's in tern a l rou tines are  used to  g e t the 
input c h a ra c te rs  and perfo rm  a forced  SET command. Completion of th is  
SET command re s u lts  in the flags and inhibit sw itches being cleared and a <  
c h a ra c te r  is echoed on the te rm inal p r in te r  to  signify completion of the 
task .
I f  an ASK or TYPE s ta te m e n t is executed during the process 
of p a ram e te r  change, contro l is passed im m ediately to  the handling routine 
to  w ait f o r  the  necessary  input, th e  u se r being pu t in to  an input w ait 
s ta tu s  u n til a ll th e  ch a rac te rs  of the  command have been en tered  in to  the 
keyboard input b u f fe r  and thereby causing no delay to  th e  o th e r system  
u ser. A f te r  the  d ire c t SET command has been fo rced , the  inhibited ASK 
o r TYPE command is  executed.
6.14. E r ro r  Code
I t  was necessary  to  provide fa c ilitie s  f o r  trapping out 
erroneous conditions during the  execution of aU the new functions. This
was accomplished by standard  calls to  the e r ro r  recovery rou tine. A l i s t
j
of e r ro r  codes produced has ; been tabula ced in F ig.37.
6.15. In itia l Dialogue
In o rd er to  avoid users  corrupting each o th e r 's  tim ing 
p ro p e rtie s , they could no t be p e rm itte d  to  a l te r  the clock in te rru p t r a te  
o r abso lu te  tim e  counters.
These could e ith e r  be p re se t  w ithin the  A ssem bler overlay 
program  o r else  fa c ilit ie s  provided whereby the values could be selected  
a t  loading tim e.
As d if fe re n t u se rs  m ight requ ire  d if fe re n t am ounts of core, 
i t  would be very usefu l i f  a t  sy stem  loading tim e , core allocations could be 
se lec ted  f o r  each of th e  two u sers .
Thus an " In itia l Dialogue" section  was included so th a t  these 
p a ra m e te rs  could be s e t  up easily  fro m  th e  te le type  te rm inal. F ig.36 
i l lu s tr a te s  the use of the  in itia l dialogue.
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6.16. Conclusions
The resu ltin g  core configuration of the 8K sy stem  is as 
shown in F ig .33, and i t  can be seen th a t  i t  was possible to  include all 
th e  s tandard  extended FOCAL functions w ithin th e  system .
This two u ser version is s t i l l  essen tia lly  undergoing a period 
of t r ia l s ,  experience to  date suggesting th a t  the  sy stem  is capable of 
providing two u sers  w ith extensive fa c ilitie s  fo r  da ta  acquisition and 
contro l. The main disadvantage of the sy stem , which was realised  a t  
the  o u ts e t ,  is one of maximum d ata  r a te s  which the  sy stem  is capable of. 
However, m ost of the  laboratory  applications so f a r  could be easily d ea lt 
w ith , even when a maximum clock r a te  of 4 in te rru p ts  per second has been 
imposed.
Again, i t s  main advantage a rise s  fro m  th e  in te rp re tiv e  mode 
o f operation , allowing programs to  be readily c rea ted  and m odified. If 
th is  is  an e ssen tia l requirem ent of a com puter operating sy s tem , then the 
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E rro r  Code D iagnostic
11*73 I l l e g a l  sub -function  c a l l  in  FIN o r FOUT fu n c tio n
11*;9 I l l e g a l  channel address in  FOUT fu n c tio n  c a l l .
User 1 even, u se r 2 odd 
13*57 E x it from LIBRARY command
13*90 Term inator o th e r than  , o r ; o r  RETURN in  v a riab le
erase  command E F,
15*13 I l l e g a l  ch a ra c te r  in  m u ltip le  argument handler
15*23 M issing argument in  fu n c tio n  c a l l
15*48 No scan f la g  o f th a t  value has been s e t  up
15*56 Too many arguments in  FTIM o r FLAG- fu n c tio n
15*77 I l l e g a l  code in  FTIM fu n c tio n
16 ,03  PCI command should begin w ith a b racket
16 .07  Channel address should be p o s it iv e  ‘
16 .18  I l l e g a l  channel address in  PCI (o to9 only are  leg a l)
17*06 Only ; o r RETURN are le g a l te rm in a to rs  of PCI command
17*<7 Too many arguments in  FIN or FOUT fu n c tio n  c a l l
21 *<4 I l l e g a l  c h a ra c te r  o r no such l in e  in  MODIFY command
25*92 C haracter o th e r  than  A, 0 o r D in  ERASE command
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7.1. Introduction
Having made the decision to  develop a f ile  handling sy stem  fo r  
the  reasons described previously, i t  was necessary  to  examine th e  possible 
ways of providing such a system .
Basically a system  was required which would allow fo r  the 
manipulation of FOCAL program  f i l e s , FOCAL data  f ile s  and FOCAL 
system  so ftw are , the prim e design consideration being th a t  th e  system  
should be easy to  use. Such a system  could have been achieved in any of a 
number of ways:-
1. By modifying and enhancing existing m anufactu rers so ftw are ,
0S8, so th a t  FOCAL so ftw are  could be im plem ented on th e  
system .
2. By fu r th e r  developments to  FOCAL, enabling FOCAL so ftw are
to  be saved as f ile s  on m agnetic tape fro m  commands or 
functions within FOCAL.
3. By developing an in te ra c tiv e  f ile  MONITOR sy stem , accessible
fro m  FOCAL, allowing all fo rm s of FOCAL so ftw are  to  be 
saved on m agnetic tape.
The eventual choice of system  would be dependent upon fa c to rs  
such as th e  degree of flex ib ility  provided, the  amount of programming 
e f f o r t  .required to  im plem ent the system  and w hether the system  in i t s  
f in a l fo rm  would be easy to  use.
I t  was decided th a t  extending 0S8 so th a t  FOCAL could be 
im plem ented within the  system  would no t be a viable proposition. Experience 
suggested th a t  the  0S8 system  was by no means easy to  use because of the 
extensive fa c ilitie s  which i t  provides. Im plem entation o f FOCAL within the  
sy stem  would require re s tru c tu rin g  of the existing FOCAL in te rp re te r  in 
o rd er to  make FOCAL com patible w ith the device handling and f ile  manipulation 
techniques u tilized in the  0S8 sy stem . This would also have n ecessita ted  an 
in depth analysis of the  0S8 operating sy stem  in o rder to  determ ine the n a tu re  
o f the  routines used. Although a very flexible sy stem  could eventually be 
produced, i t  was f e l t  th a t  an excessive am ount of e f f o r t  would be required 
and the final system  would no t necessarily  be easy to  use.
The second m ethod could have provided a su itab le  basis fo r  a FOCAL 
f ile  handling system . The e x tra  4K of core available in addition to  the 8K
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required f o r  the  FOCAL system  would provide su ff ic ien t core space fo r  
the  new functions and commands required fo r  the saving and loading of 
program  and d a ta  f ile s . Such a system  would be essen tia lly  very easy 
to  use as only a few e x tra  commands would be im plem ented within the FOCAL 
system . However the  m ajor drawbacks of such a system  would be the 
lim ited  flex ib ility  provided by the system  and the d ifficu lty  which would be 
encountered in the  saving cind loading of d if fe re n t versions of the  FOCAL 
in te rp re te r .  These fa c to rs  could be overcome w ith su itab le  programming 
e f f o r t  which would however re su lt  in the system  becom ing m ore com plicated 
to  use.
The th ird  a lte rn a tiv e  of providing a stand  alone m onitor system  
was th e re fo re  considered to  be the m ethod which would provide an ideal 
solution. By basing the m onitor system  upon sim ple and easy to  use 
commands of a fo rm  sim ilar to  those used in FOCAL, a sy stem  could be 
devised in which any fo rm  of FOCAL so ftw are  could be saved as f ile s . This 
solution would only require  minimal m odifications to  any FOCAL system  so 
as to  enable linkage between FOCAL and the m onitor sy stem  fro m  a single 
FOCAL commsind. As FOCAL system  file s  would essen tia lly  be a d ire c t 
core image s to re d  on m agnetic tap e , the  m onitor system  could easily be 
extended to  provide fa c ilitie s  fo r  saving image file s  of executable binary 
program s. This would provide an ex trem ely  useful fa c ility  fo r  experienced _ 
p rog ram m ers.
I t  was th e re fo re  decided th a t  the  m onitor type of system  should 
be im plem ented.
7, 2. S tru c tu re  of a File M onitoring System
The s tru c tu re  of the proposed m onitor sy stem  was essen tia lly  
dependent upon w hether i t  was thought necessary  to  extend the available 
8K FOCAL sy stem  to  make use of the additional 4K o f memory in the  12K 
PDP8-E.
If  FOCAL was to  be kep t as an 8K operating sy stem , the m onitor 
could be developed as a core re s id en t sy stem , u tilizing  the 4K of memory no t 
occupied by the FOCAL system .
A ltern a tiv e ly , i f  some of the  ex tra  4K was used to  provide 
additional space fo r  program  and variable s to rag e , i t  would have been
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d iff ic u lt to  provide su ff ic ie n t space fo r  a to ta lly  core re s id en t m onitor.
In th is  case, only the m agnetic tape handling ro u tin es , te rm in a l handling 
ro u tin e s , and a command decoder woul d rem ain res id en t in c o re , a s im ilar 
type of s tru c tu re  to  OS8, so ftw are  associa ted  w ith th e  commands of the 
system  being s to red  on tape and read in to  core when required fo r  operation.
Experience which had been gained when 8K FOCAL Extensions 
(C hapter 4) (64)were made available during a fina l year undergraduate 
design p ro jec t showed th a t  a lim ited  program  size w ith  the ability  to  chain 
modular program s to g e th e r could be highly advantageous. Developing 
program s in th is  fo rm  m eant th a t  i t  was essen tia l to  check computed data  
a f t e r  each program  module. Non sensible da ta  could th e re fo re  be de tec ted  
early  on in th e  program m ing chain and e r ro rs  in m ethod, program  o r input 
data  co rrec ted  b efo re  proceeding on to  the nex t stage .
The a lte rn a tiv e  procedure, adopted by some s tu d e n ts , of 
developing one large  program  to  p erfo rm  th e  sam e ta sk  using FORTRAN on 
the  U n iversity 's  com puter, invariably took f a r  longer to  g e t the program  
in to  an operational fo rm .
On th is  b as is , i t  was decided th a t  the 8K FOCAL operating system  
provided su ff ic ie n t program  s to rag e  as i t  stood and i t  was th e re fo re  : 
unnecessary to  extend program  sto rage  in to  the  e x tra  4K of memory.
The m onitor system  could th e re fo re  be designed as a core resid en t 
sy stem  in th e  upper 4K fie ld  of the 12K system .
7.3. Requirem ents of the  M onitor System
The m o st e ssen tia l fe a tu re  c f  any file  handling sy stem , is the  
ab ility  to  se le c t by nam e, f ile s  s to re d  on a p a rtic u la r  m agnetic sto rage  
device. This requ ires a d ire c to ry  of a ll f ile s  to  be m aintained fo r  each 
m agnetic s to rag e  dev ice . D ata regarding the  position of the  f ile  on the 
device, th e  length of th e  f ile  and i t s  operational location in core , m u st be 
s to red  in the d irec to ry  under th e  name of th e  f ile .
When a f ile  is called fo r  loading in to  core, th e  inform ation in the 
d ire c to ry  can then be used to  loca te  the  f ile  on the device and load i t  in to  
th e  required  position in core.
Sim ilarly when saving a f ile ,  the  f ile  m u st be w ritte n  on to  the 
device and a record  of i t s  nam e, location on the  device, and core location 
m u st be in se rted  in the  d irec to ry .
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The d irec to ry  th e re fo re  no t only m aintains a reco rd  of f ile  
data  b u t also a record  of the  amount of space s t i l l  available on the device.
O ther fe a tu re  s which would fo rm  the  e ssen tia l requ irem ents of 
any f ile  handling system  a re :-
1. The ability  to  l i s t  the d irec to ry  o f any device so th a t  a u ser
can determ ine i f  a p a rtic u la r  f ile  is  available on th a t  
device
2. The ability  to  save named f ile s  of th ree  types on any s to rag e
device
a. FOCAL program  f i le s
b. FOCAL data  files
c. Core image binary f ile s  of e ith e r  FOCAL system
so ftw are  o r o th e r executable binary f ile s .
3. The ab ility  to  load in to  core named f i le s  of th e  above th ree
classes fro m  any device.
4. The ab ility  to  de le te  any named f ile  fro m  any named device and
to  recover the  vacant space e ffic ien tly .
5. The ability  to  run any f ile ,  which has been loaded in to  core,
fro m  a p a rtic u la r  s ta r t in g  address. )
O ther fe a tu re s  which could be incorporated  in to  a f ile  handling 
sy stem  so as to  extend i t s  capabilities and ease of use would be:-
6. The ability  to  copy a named f ile  fro m  one device to  another
o r on to  the  sam e device. W ith only the basic minimum 
fe a tu r e s , th is  would have to  be done by loading the named 
f ile  in to  core and then saving i t  again.
7. The ab ility  to  search  the  d irec to ry  of a specified  device to
determ ine i f  a p a rtic u la r  named f ile  was p re se n t on th a t  
device. This would avoid the  need fo r  l is t in g  the  whole 
of the  d ire c to ry  to  find i f  a specific  f ile  was p re sen t on 
the device.
8. The ability  to  com pletely e rase  all f ile s  fro m  a specified
device ra th e r  than having to  de le te  each f ile  sequentially. 
This p a rtic u la r  process would have to  be used carefu lly  and 
have su ff ic ie n t e r ro r  de tection  procedures so as to  avoid 
th e  possib ility  o f deleting im p o rtan t f ile s  through m isuse 
o f the command.
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M ost of these  p a rticu la r fa c ilit ie s  were dependent upon the  
ab ility  to  program  data  tra n s fe rs  between core m em ory and the dual drive 
DEC tape m agnetic s to rag e  devices available.
I t  was th e re fo re  necessary  to  examine the operation of the 
DECtape system  and devise a general purpose controlling rou tine capable 
of perform ing the  appropriate  data  t ra n s fe rs  requ ired .
7.4. DECtape Program m ing
Unlike m o st o th e r common fo rm s of m agnetic tape  s to rage  
devices th e  DECtape sy s tem  s to re s  in form ation  a t  fixed positions on 
m agnetic tape ra th e r  than a t  variable positions. This fe a tu re  allows the  
replacem ent of blocks of data  on tape in random fashion w ithout d isturbing 
da ta  previously recorded in o th e r blocks.
This block type s tru c tu re  o f th e  DECtape is made possible by 
using fo rm a tte d  m agnetic tapes upon which m ark and tim ing inform ation  
has been pre-recorded . When reading fro m  or w riting  to  m agnetic tape the 
fo rm a t and tim ing in form ation  is used to  determ ine the exact position on 
the  tape  of the t r a n s fe r .  »
Each fo rm a tte d  tape is segm ented in to  a s e t  of sequentially 
numbered blocks, the  length of each block being se lected  in the  fo rm a ttin g  
s tage . All blocks on the  tape can be made e ith e r  the  sam e length o r of 
d if fe re n t lengths depending upon the requ irem ents of the  s y s te m .
The only c o n s tra in ts  upon th e  s iz e  of a block is th a t  the number
of words in a block m u st be an in teger m ultiple of th re e . This is because
th e  da ta  t r a n s fe r  operations are  controlled by the m ark tra c k  inform ation  
which requ ires the  reading of six fu ll lines from  tape befo re  a com plete code 
can be read from  the  command re g is te r .  Normal da ta  is s to red  on the 
m agnetic tape a t  3 b its  per line and 4 lines per word. Thus the low est 
common m ultiple of the  six  line m ark tra c k  record  and the fo u r line da ta  
record  is twelve lin es, th e  equivalent of th re e  twelve b i t  words.
The operation of both  DECtape drives is controlled  by the use of 
fo u r flip -flo p s  which can be s e t  under program  contro l to  s e le c t:-
i. The required drive
ii. The d irection  of m otion of the se lected  un it
iii. W hether to  s t a r t  o r stop  the  se lected  unit
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iv. W hether data  is to  be read  fro m  or w ritte n  to  the 
se lected  unit
The flip -flops a re  s e t  as shown in F ig .39, by loading the device 
command re g is te r .
Mark tra ck  inform ation  can be obtained fro m  th e  tap e , by reading 
the  command re g is te r  back in to  the  accum ulator. F ig .40. Each tim e a new 
line is read from  the DECtape device se lec ted , a new b i t  is ro ta te d  into 
th e  le a s t  sign ifican t b i t  of the m ark tra c k  re g is te r ,  t'he m o st sign ifican t 
b i t  o f the re g is te r  being lo s t. A single line flag  is s e t  by the  con tro lle r 
a t  th is  point to  signify th a t  p o th e r  line has been read. Meaningful m ark 
tra c k  codes a re  as shown in Fig.41.
As data  is s to red  as fou r lines of th ree  b i ts ,  a QUAD line flag 
is s e t  fo r  each fo u r lines of m ark tra c k  d a ta  which is read  fro m  tape.
7.5.1. DECtape Controlling Routine fo r  the  M onitor System
This routine is the  m o st im p o rtan t routine of the f ile  m onitor 
sy stem  as i t  m u st contro l t ra n s fe rs  of da ta  betw een core and m agnetic 
tape  e ffec tiv e ly  and w ith a minimal possib ility  of da ta  corruption.
M anufacturers so ftw are  fo r  controlling da ta  tra n s fe rs  to  and fro m  
the  DECtape w ith checksum e r ro r  p ro tec tio n , was available as a subroutine 
which could be incorporated  iiito u ser w r itte n  so ftw are . This however had a 
num ber of disadvantages which had to  be overcome b e fo re  i t  could be adopted 
as a handler in the m onitor system .
The existing so ftw are  allowed fo r  the  t r a n s f e r  of up to  32 blocks 
of sequential data  to  o r fro m  e ith e r  DECtape drive, idach block of data 
being 128 words in length (with the option of 129 words), d a ta  tra n s fe rs  of 
le ss  than 128 words no t being allov/ed, and au tom atic  continuation o f t r a n s f e r  
in to  the nex t fie ld  of memory no t being provided fo r.
The system  of fixed block tra n s fe rs  was an obvious necessity  if  
da ta  t r a n s fe r s  to  and fro m  tape were to  proceed w ithout a ffec tin g  o th er 
d a ta  s to re d  on tape.
The in te rn a l configuration of th e  PDF-BE segm ents a core fie ld  
in to  "pages" of 128 words in length fo r  addressing purposes. A 129 word 
block fo rm a t on tape would th e re fo re  be a logical choice, th is  being the 
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so as to  correspond to  the 128 word page s tru c tu re  adopted on the PDP-8E. 
However having to  always t ra n s fe r  a whole block of in form ation  would have 
been a po ten tia l source of corruption when saving and reloading FOCAL 
program s. For instance, if  a data  s e t  had been c rea ted  by one program  
and the m onitor system  was then used to  load in another program  fo r  
fu r th e r  data  processing, the s t a r t  of the symbol ta b le  could easily be 
overw ritten .
There was a need th e re fo re  to  provide a sy stem  whereby a p a r t  
o f a block could be tra n s fe rre d  to  or from  th e  m agnetic ta p e . I t  was 
th e re fo re  arranged th a t  if  only a p a r t  of a block was requ ired , the rem ainder 
of the  block would be f il le d  w ith zero  data  fo r  convenience in computing 
checksums. On re-read ing  such a block back in to  co re , only the meaningful 
da ta  would be used, the zero data  being read only and used fo r  the 
com putation of checksums fo r  comparison purposes. This required an ex tra  
p a ram e te r fo r  the handling rou tine to  signify the f a c t  th a t  only p a r t  of the 
block was required.
The fe a tu re  whereby the system  only allows a maximum data  
t r a n s f e r  of 32 blocks, w ith  no cross fie ld  t r a n s f e r s ,  was thought to  be 
re s tr ic t in g , particu la rly  in the  case of s to ring  FOCAL system  so ftw are  
where a 64 block t ra n s fe r  would be requ ired , w ith  th e  ab ility  to  change from  
one f ie ld  to  the next.
I t  was th e re fo re  arranged th a t  i f  the  address po in ter of the 
subroutine re tu rned  to  0000 a t  any s tag e , th e  fie ld  s e ttin g  would be 
increm ented to  the next h ighest fie ld . Also, t ra n s fe rs  of g re a te r  than 
32 blocks were arranged by modifying the m ethod by which the subroutine 
was supplied w ith t r a n s fe r  contro l data.
Another fa c ility  which was thought to  be p articu la rly  useful 
was the ability  to  t e s t  high p rio rity  da ta  t ra n s fe rs  fo r  in te g r i ty  by checking 
da ta  s to red  on tape w ith da ta  s to red  in core im m ediately a f te r  a t ra n s fe r  
had been com pleted.
This was accomplished by providing a branch within the section  of 
the  rou tine associated  w ith reading data  fro m  m agnetic tape. Instead of 
s to rin g  the  data in core , the data  read from  tape is checked against the 
data  already in the p a rtic u la r  core location in question. As th is  sy stem  was 
only to  be used fo r  high p rio rity  d a ta , enablem ent and disablem ent of the 
branch m u st be accomplished by patching in an in stru c tio n  by so ftw are
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im m ediately b efo re  and a f te r  the controlling rou tine  is used.
A fa c ility  was also incorporated whereby a so ftw are  sw itch 
could be s e t ,  thereby allowing the routine to  search  fo r  a p a rtic u la r  
block on tape w ithout reading i t .  This provided the ab ility  to  reposition 
a tape a f te r  a da ta  t r a n s f e r  had been completed.
7.5.2. Use of the Controlling Routine
F or a subroutine developed w ith the  above f a c i l i t ie s , the 
t r a n s f e r  of a f ile  to  or from  a m agnetic tape  required th a t  the  following 
p a ram ete rs  be defined to  contro l the  t r a n s f e r  operation.
1. The DECtape un it of the  dual drive system  which is to  be
involved in th e  t ra n s fe r
2. The d irection  of t r a n s f e r ,  i.e. is i t  read fro m  DECtape in to
core or w rite  fro m  core on to  DECtape.
3. The block number on the  DECtape in which the  f ile  s ta r t s .
4. The in itia l fie ld  of core in which the f ile  is to  be tra n s fe rre d
to  o r fro m , th is  value being changed autom at ically fo r  
c ro ss  fie ld  tra n s fe r .  ^
5. The number of contplete blocks on tape occupied by the  file .
6. The number of meaningful data  words in th e  final block of
the  f ile .
7. The s ta r t in g  address of the f ile  in the specified  fie ld .
8. The d irection  in which th e  se lec ted  drive should s t a r t ,
i.e . forw ard d irection  o r rev e rse  d irection .
9. A sw itch to  se le c t e ith e r  search mode or t r a n s f e r  mode.
For convenience, i t  was arranged th a t  these  p aram eters  should 
reside  in Page zero of fie ld  2 as shown in F ig.42 so th a t  they cuuld be 
accessed d irec tly  fro m  any position in core.
As th e  subroutine would also have to  be accessed from  any 
position within the  fie ld  in which the  m onitor system  was re s id en t, the 
m o st convenient m ethod of linking to  the  routine would be via a po in ter 
located  within zero page.
If an e r ro r  occurs a t  some point during a t r a n s f e r  operation , fo r
example, a ttem p tin g  to  w rite  to  a w rite  locked device, i t  is  necessary  to
signal th e  e r ro r  condition in some fashion. This has been achieved by 
providing a multiple^ subroutine re tu rn . An e r ro r  condition re tu rn ing  to
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Location Contents Function
0057 UNIT Set to  0000 fo r  u n it  0 and 4000 fo r  u n it  1
0û60 REDWRT Set to  0000 fo r  Read and 0001 fo r  W rite
0061 BLKADR S ta r t in g  block fo r  DECtape t r a n s f e r
0062 FIELDE F ie ld  o f  t r a n s f e r . (0000 to  0007)
0063 BLOCKS Number o f  whole blocks to  be tra n s fe re d
0064 ÎRTBKS Number o f words used in  f in a l  block
0065 BUFADR Cove address fo r  t r a n s f e r
0066 FtVDRVS Set to  OOOOfor forward and 0001 fo r  rev erse
0067 MORDS Reset coun ter fo r  number o f words per block
0070 WCOUNT Counter fo r  number o f words p er b lock
0071 RfORDS Counter fo r  number of words in  f in a l  b lock
0072 BFCNT P o in te r  fo r  t r a n s fe r  from tape to  core
0073 P10 Constant used fo r  f ie ld  change process
0074 BLANK Constant used fo r  f ie ld  change process
0075 SRCmD Set to  0001 i f  search  only i s  req u ired
F leure  42. Param eters used in  DECtape C o n tro llin g  Routine
CLA CLL /  Set param eters to  read  from DECtape on u n it  0
DCA UNIT /  in to  core.
DCA REDV/RT /  T ransfer one b lock  o f 200 words in to  f i e ld  0
DCA FIELDB /  s ta r t in g  a t address 0000 from b lock  100
lAC /  o f the sp e c ifie d  DECtape
DCA BLOCKS /
DCA PRTBKS /
DCA BUFADR /  .
DCA R'/DRVS ^Set i n i t i a l  motion o f tape in  the forward d ire c t io n
DCA SRCMD /
TAD Cl 00 /
DCA BLKADR /
CLA CLL /
DTAPE /C a ll  c o n tro llin g  subrou tine
ERROR /k e tu rn  to  th is  lo c a tio n  s ig n if ie s  t r a n s f e r  e r ro r
CLA CLL /C ontinue
ClOO, 0100
Figure 43 . Use o f DECtape C o n tro llin g  Routine
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the f i r s t  s ta te m e n t a f te r  th e  calling s ta te m e n t and a c o rre c t t r a n s f e r  
re tu rn ing  to  th e  second s ta te m e n t a f te r  the  calling s ta te m e n t.
Thus the  sequence fo r  using the  con tro l routine .is as follow s:-
1. S e t up th e  zero page p a ram ete rs  fo r  f ile  t r a n s f e r
2. Call the subroutine
3. I f  the  f i r s t  re tu rn  is taken , signal an e r ro r  condition
and i f  the  second re tu rn  is taken, continue w ith 
the  nex t sequence.
Fig.43 shows an example of the  use of the  rou tine  w ithin an 
Assembly Code program .
The subroutine was w ritte n  in PAL III assem bler code and 
occupied location 1000 through 1377 of fie ld  2 of the m onitor system  
program .
7.6. F ile  D irectory  System
As mentioned previously, i t  is e ssen tia l to  keep a d irec to ry  of 
f ile s  p re sen t upon a p a rtic u la r  device. This m eant th a t  i t  was necessary  
to  define an area  on each tape which could be used to  s to re  th e  l i s t  of 
f ile s . The size of th e  a rea , would be dependent upon th e  f ile  inform ation  
required , the  m ethod of naming f ile s , and also the  maximum number of 
f ile s  which w ere likely to  be accum ulated upon a p a rtic u la r  m agnetic tape.
The size of the  d irecto ry  area  would also a f f e c t  the  m ethods in 
which a d irec to ry  could be searched in o rder to  find a p a rtic u la r  named file . 
As i t  would be necessary  to  read the  d irec to ry  in to  a b u ffe r  fo r  a f ile  
search  procedure, a long d irec to ry  would n e c e ss ita te  th a t  the  d irec to ry  
a rea  would have to  be read in to  the b u ffe r  in segm ents. Each segm ent 
would then have to  be searched in tu rn  fo r  th e  required f ile . A lterna tive ly , 
i f  only a sh o rt d irec to ry  was necessary , then the  whole process could be 
done in one operation.
7.6.1. Naming of F iles
I t  was decided th a t  f ile s  should be named as in the OS8 operating 
sy stem  so as to make the  d iffe rences betw een the  use of the  two sy stem s 
m inimal.
A f i l e  name was th e re fo re  allowed to  be up to  six alphanumeric
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c h a rac te rs  in leng th , always s ta r t in g  with an alphabetic c h a ra c te r , 
followed by a two alphabetic ch a rac te r  f ile  extension, e.g.
ABC . PR 
ABC123 .DA 
X2Y4Z3 . BN
The extension ch arac te rs  a re  used to  denote the  type of 
f ile  being d ea lt w ith. In th e  m onitor sy stem , the types of f ile s  to  be
allowed on the sy stem  w ere,
1. FOCAL program  file s  using th e  extension ch a rac te r  PR
2. FOCAL data  file s  using the  extension ch a ra c te r  DA
3. FOCAL sy stem  file s  or o th e r executable binary
core image file s  using th e  extension BN.
The f ile  extension is th e re fo re  a convenient method of inform ing 
th e  m onito r sy stem  how a f ile  should be loaded in to  core.
By s to rin g  the  f ile  names in the  d ire c to ry  as s tripped  packed 
ASCII c h a ra c te r s , fo u r  twelve b i t  words would be required to  hold the 
six  f ile  name ch a rac te rs  and two file  extension c h a rac te rs .
7.6.2. F ile D ata s to re d  in D irectory  j
I t  was necessary  to  define w hat in form ation  about the  f ile  should 
be saved within the  d irec to ry .
One a lte rn a tiv e  was to  s to re  da ta  regarding the position of the 
f ile  on the  tape and the  number of blocks occupied. An in itia l block in the 
f ile  a rea  could then contain da ta  regarding the  running of th a t  p a rtic u la r  
f ile .
A nother a lte rn a tiv e  would be to  s to re  all th e  da ta  regarding 
position on tap e  and running of the  f ile  w ithin the d irec to ry .
The choice of m ethod would be dependent upon the  amount of 
in fo rm ation  required  fo r  running the  file . As i t  was envisaged th a t  all 
f ile s  would be saved as d ire c t core image f ile s  to  be reloaded back in to  the 
sam e position in core fro m  which i t  cam e, th e  only in form ation  required 
about loading the  f ile  would be th e  location in core and fie ld  fro m  which 
the f ile  was saved. A dm ittedly in the  case of saved executable binary 
f ile s  the  s ta r t in g  address could be an advantage b u t only o f use in a load 
and go system . As m o st o f the f i l e  m anipulation was to  be w ith FOCAL
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program  and da ta  f i le s , th is  inform ation was no t really  necessary .
I t  was th e re fo re  decided th a t  a ll f ile  inform ation  should be 
saved w ithin th e  d irecto ry  area of the  tape. This required  a to ta l  of 
9 twelve b i t  words per f ile ,  made up of 4 fo r  the f ile  name and extension,
1 fo r  s ta r t in g  block on the tap e , 1 fo r  the number of whole blocks 
occupied by the  f ile ,  1 fo r  the  number of words occupied in the  la s t  
block of th e  f i le ,  1 fo r  the  fie ld  in to  which the  f ile  is to  be loaded and 
fina lly , 1 fo r  th e  address from  which the f ile  was saved.
7.6.3. Length of D irectory
The tape area required fo r  a d irec to ry  is dependent upon the  
maximum num ber of file s  which can be saved upon any one m agnetic tape.
I t  was envisaged th a t  m o st f ile s  saved would be of FOCAL 
p ro g ra m s . The maximum length of a FOCAL program  is approxim ately 
7400g words in length which is equivalent to  SO^ Q blocks of 128 words.
The average length  of a FOCAL file  will in general be much s h o r te r  than 
th is . As each m agnetic tape can accommodate approxim ately 1400 blocks 
o f 129 words each, and assuming th a t  the average length of a f ile  will be 
in the  region of 10 blocks, th e  d irec to ry  will have to  be of su ff ic ien t size 
to  accom m odate about 140 f ile  nam es. A t nine words per f ile  a d irec to ry  
ten  blocks in length would be required.
A b u ffe r  fo r  a d irec to ry  th is  size could easily  be accommodated 
w ithin the  core configuration w ithout the need fo r  segm entation. If 
n ecessary , an area  in core already occupied could be u tilized  by the d irec to ry  
by using a swapping procedure in which the active area  is f i r s t  saved on 
DECtape b efo re  reading in the  d irec to ry , th e  ac tive  area being re in s ta te d  
a f t e r  the  d irec to ry  has been used.
7.6.4. Additional D irectory  Inform ation
In addition to  inform ation  regarding f ile s  i t  would also be necessary  
fo r  th e  d irec to ry  to  keep a record  of the next available f re e  block on th e  
tape and th e  nex t f re e  location in the  d irec to ry  b u ffe r . This would 
sim plify th e  p rocess of saving new file s  on the tap e , as a record  of where 
th e  f ile  was to  be added and where in the  d irec to ry  b u f fe r  f ile  data  was to  
be s to re d , would be readily available.
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7.6.5. D irectory  Handling Routine
The d irec to ry  area  is likely to  be read  fro m  and w ritte n  to  m ore 
o ften  than any o th e r section of the  tape because of the need to  search  fo r  
f ile s  and append new f ile s . I t  would th e re fo re  be p re fe rab le  to  have i t  
located  as near as possible to  the beginning of the  tap e , thereby reducing 
searching tim e.
Blocks 1 to  10 of each DECtape were th e re fo re  se lected  fo r  the 
purpose of holding the tape d irecto ry .
The position of the  b u ffe r  used fo r  holding the d irec to ry  when 
read in to  core would be dependent upon the  core requ irem en ts of the  r e s t  
of the  m onitor system . There w as, however, su ff ic ie n t room to  locate  
th e  b u f fe r  in addresses 5000 th ru  7400 of fie ld  2, avoiding the need to  have 
a segm ented d irec to ry  system .
A rou tine  was th e re fo re  w ritte n  to  p erfo rm  the ta sk  of reading 
or w riting  the  d irec to ry  area from  tape to  core o r fro m  core to  tape of 
e ith e r  DECtape drive using PAL III assem bly language.
The rou tine  is called as a subroutine using a po in ter located  within 
zeropage of fie ld  2 b u t f i r s t  requ ires th a t  the accum ulator and link be s e t  
up to  define th e  un it required aiid the  d irection  of t r a n s f e r  in the  following 
m anner
UNIT 0 s e t  accum ulator to  0000
UNIT 1 s e t  accum ulator to  4000
Read d irec to ry  in to  b u ffe r , s e t  link to  0 
W rite  d irec to ry  on to  tap e , s e t  link to  1
Fig.44 shows an example of the  use of the  subroutine fro m  o th er 
rou tines in the  system .
7.7. The In te rru p t P rocesso r
O perating  system  communication m u st take place through the 
keyboard and p r in te r  of a te rm in al device, which requ ires an in te rru p t
p ro cesso r fo r  e f f ic ie n t use. The only o th e r  device requiring an in te rru p t
se rv ice , is the power fa ilu re  p ro tec tio n  option of th e  sy stem , the DECtape 
co n tro lle r  used being a n o n -in te rru p t driven device.
Any ex tern a l in te rru p t from  a device connected to  the in te rru p t 







/S e t  accum ulator and l in k  to  zero so as to  
/ re a d  the d ire c to ry  in to  the b u ffe r  from 
/l)ECtape u n it  0 










/S e t  accum ulator to  0000 and l in k  to  a f  so as to  
/w r i te  the d ire c to ry  from the b u ffe r to  DECtape 
/ u n i t  0 .
/C a l l  d ire c to ry  subroutine 
/C ontinue
F igure 44o Example o f the use o f  the D irec to ry  Handling Routine
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equivalent of a  subroutine jump to  address 0000 of fie ld  0 to  be executed, 
th e  nex t sequential address in the te rm inated  program  being saved in 
location 0000.
F or e ffic ie n t use of the sy stem , i t  would be necessary  fo r  all sy stem s 
so ftw are  to  use one core resid en t in te rru p t p rocesso r. However, th is  would 
involve re s tru c tu rin g  FOCAL system s softw are  to  make use of such an 
in te r ru p t processor. Also making the in te rru p t p rocessor available to  aU 
o th e r  sy stem s so ftw are  would increase the possibility  of corrupting the file  
handling system  and in p a rticu la r  DEC tape tra n s fe rs .
I t  was th e re fo re  decided th a t  the in te rru p t p rocessor should be 
specific  to  the f ile  handling system .
When linking between perhaps the FOCAL in te rp re te r  and the  file  
handling sy stem , i t  would be necessary  to  change the  address po in ter of the 
in te r ru p t p rocessor, held in location 0001 of fie ld  0, so as to  se le c t the 
c o r re c t in te rru p t processor. A lternative ly , the in te rru p t p rocessor could 
be made to  reside in the f i r s t  two pages of fie ld  0. This would require th a t  
the  in te rru p t processor fo r  the m onitor was placed in core whenever the 
m onito r was in operation, and the norm al zeropage po in ters e t c .  to  be 
re s id en t when any o ther system  program  was operational. Such a technique 
would ensure th a t  the in te rru p t p rocessor was never available to  o th e r program s 
b u t would requ ire  the t r a n s fe r  of da ta  to  and fro m  tape. Although data 
t r a n s f e r  a re  open to  corrup tion , they would be checksum p ro tec ted . The f a c t  
th a t  i t  would be the in te rru p t p rocessor which was corrup ted  f i r s t  would make 
i t  d iff ic u lt to  e n te r  meaningful commands in to  th e  sy stem  thereby giving an 
early  indication of t ra n s fe r  corrup tion , avoiding the  loss of valuable program  
f i le s .
I t  was th e re fo re  arranged th a t  the in te rru p t p rocessor should be 
placed in the f i r s t  two pages of fie ld  0 whenever i t  was core re s id en t, and 
saved in blocks 11 and 12 of the DEC tape on unit 0 when no t core residen t.
B efore reading the in te rru p t p rocessor in to  core, the  program  already residen t 
would have to  be saved, th is  being accomplished by w riting  the  f i r s t  two pages 
in to  blocks 13 and 14 of the DECtape on un it 0.
The following sequences would th e re fo re  have to  be employed when 
using the  sy stem :-
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a. Loading a Saved File in to  Core
1. Save in te rru p t p rocessor in blocks 11 and 12
2. Load th e  program  file  fro m  tape
3. Save program  occupying pages 0 and 1 of fie ld  0 in
blocks 13 and 14
4. Re-load in te rru p t p rocessor back in to  core
b. Executing a Loaded File
1. Save in te rru p t p rocessor in blocks 11 and 12
2. Re-load blocks 13 and 14 in to  pages 0 and 1 of fie ld  0
3. Execute program
c. Returning from  executing a Loaded File
1. Save program  occupying pages 0 and 1 of fie ld  0 in
blocks 13 and 14
2. Re-load in te rru p t p rocesso r from  blocks 11 and 12
3. Gbntinue m onitor operation
d. Saving a File ^
1. Save in te rru p t p rocessor in blocks 11 and 12
2. Re-load blocks 13 and 14 in to  pages 0 and 1 of fie ld  0
3. Save whole program  on tape
4. Save pages 0 and 1 ir. blocks 13 and 14
5. Re-load in te rru p t p rocesso r fro m  blocks 11 and 12
e. S ta rtin g  the System  from  the  Console
1. . Save pages 0 and 1 in blocks 13 and 14
2. Load in t e m p t  p rocesso r fro m  blocks 11 and 12
3. Continue
This type of system  would also requ ire  a record  to  be kep t of where 
th e  in te rru p t processor was a t  any p a rtic u la r  tim e so th a t  in the event of an 
e r ro r  condition occurring within the  m on ito r, the in te rru p t p rocessor could be 
re-loaded i f  necessary.
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7.8. S tru c tu re  of the Command Decoder
An essen tia l fe a tu re  of a f ile  handling system  is  th a t  a u se r 
can m anipulate f ile s  by using sim ple commands which can be en tered  into 
the  system  and executed im m ediately.
In view of the  experience gained w ith  FOCAL i t  was decided 
to  develop the system  using the  techniques employed fo r  the  d ire c t 
in te rp re ta tio n  and execution of FOCAL commands. Input characters from  
th e  te rm in a l device are  th e re fo re  f i r s t  loaded in to  a command input 
b u f fe r  un til a carriage re tu rn  ch a ra c te r  is  received which signifies the 
en try  of the  command into  the system . The command s tr in g  is then 
decoded d irec tly  fro m  the  command input b u f fe r ,  u tilizing the  s o r t  and 
branch rou tines fo r  linking to  the subroutines associa ted  w ith  a p a rticu la r 
command.
E rro rs  in input command syntax and hardware fa u lts  when 
d e tec ted  cause contro l to  be tra n s fe rre d  to  an e r ro r  recovery routine.
This rou tine  causes an e r ro r  code to  be p rin ted  out which can be used w ith a 
look up tab le  to  determ ine the  n a tu re  of the  e r ro r . Fig.45.
7.8.1. Command S tru c tu re  ^
The basic command syntax has been developed in a fo rm  sim ilar 
to  th a t  used in the OSS fo r  language com patibility  purposes. The commands 
th e re fo re  have the following fo rm a t
COMMAND DEVICE: FILENAME . EXTENSION.
COMMAND is one of the  s e t  of commands which have been 
included in th e  system  described la te r .
DEVICE is the  code name of the m agnetic s to rag e  device
upon which the required f i l e , FILE NAME . EXTENSION 
resides* As th e re  are  only two devices available, 
th ese  being the  two DECtape d riv e s , the  code names 
DTAO has been assigned to  drive u n it 0 
DTAl has been assigned to  drive un it 1 
FILENAME is between one and six  alphanumeric ch a rac te rs  long, 
s ta r t in g  w ith an alphabetic ch a rac te r  
EXTENSION is a two ch a rac te r  f ile  id en tif ie r  to  denote the  type 
of f ile  being d ea lt w ith
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E rro r  Code > D iagnostic
0000 R e s ta r t  from console
0174 Input b u ffe r  overflow
0200 CTRL/C
0262 I l l e g a l  command
0334 S e lec t o r w rite  look e r ro r  on DECtape
0351 No FOCAL/SUPER—D codes on DECtape* Try ano ther tape
0416 DECtape e r ro r  during  t ra n s f e r  of in te r ru p t  p rocessor
0430 DECtspe e r ro r  during  t ra n s fe r  o f in te r ru p t  p rocessor
0473 R ead ,w rite  or s e le c t  e r ro r  on DECtape during  block search
0511 R ead ,w rite  or s e le c t  e r ro r  on DECtape w h ils t in  check mode
0621 Storage f i l l e d  by pushdown l i s t
1650 Command input b u ffe r  i s  fu ll :
2222 No device has been sp e c ifie d
2224 No device has been sp e c ifie d
2230 I l l e g a l  device name
2301 Filenames cannot s t a r t  w ith a "D"
2302 Filenames cannot s t a r t  w ith a "D"
2303 Filenames cannot s t a r t  w ith a ”D”
2313 Too many ch arac te rs  in  filenam e
2326 No a f te r  filenam e } ■
2334 Filename ex tension  must be two c h a rac te rs
2336 Filename ex tension  must be two ch arac te rs
2641 Not enough room l e f t  on DECtape
2661 R ead,w rite  or s e le c t  e r ro r  during  SAVE command
2717 " ,"  m issing a f te r  BN ex tension  in  SAVE command
2722 F ie ld  should be a s in g le  ch a ra c te r
2723 F ie ld  should be a s in g le  c h a ra c te r
2732 m issing between f ie ld  and s ta r t in g  address
2734 S ta r t in g  address should be in  o c ta l
2742 m issing a f te r  s ta r t in g  address
2743 Number o f  blocks should l i e  in  range 01 to  99
2746 Number of blocks should l i e  in  range 01 to  99
2736 Number o f blocks should l i e  in  range 01 to  99
2737 Number o f  blocks should l i e  in  range 01 to  99
2772 F ile  sp e c if ie d  in  FIND command i s  not p resen t
3001 F ile  sp e c ifie d  in  ERASE command does not e x is t
F igure 43» E rro r D iagnostics fo r  F ile  Monitor System
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E rro r Code D iagnostic
3154 R ead,w rite or s e le c t  e r ro r  on DECtape during ERASE or COPY
3160 R ead,w rite o r s e le c t  e r ro r  on DECtape during ERASE or CORY
3201 Attempt made to  copy n o n -ex is ten t f i l e
3206 Missing "<’• in  CORY command
3226 Filename a lread y  e x is ts  on sp e c ifie d  device ' "
3243 Not enough room l e f t  on DECtape
3270 Not enough room l e f t  in  D irec to ry
3403 N on-octal d ig i t  in  f i e ld  d es ig n a tio n  o f RUN command
3420 N on-octal d ig i t  in  s ta r t in g  address d esig n a tio n  of RUN command
3473 Command must be term inated  w ith  RETURN
3304 m issing a f te r  filenam e
3602 F ile  not p resen t f o r  LOAD command
3610 Only .BN,.PR, o r *DA f i l e  ex tensions are  le g a l
3617 Too many blocks in  .PR o r .DA f i l e
3633 RR f i l e  cannot be accommodated in  FOCAL te x t  b u ffe r
3643 R ead,w rite  o r s e le c t  erroron  DECtape during LOAD command
3662 DA f i l e  cannot be accommodated in  FOCAL v a ria b le  area
3703 Filename a lread y  e x is ts  on sp e c if ie d  device
3713 D irec to ry  i s  f u l l
3727 I l l e g a l  f i l e  ex tension  *
3733 R ead,w rite o r s e le c t  e r ro r  on DECtape during SAVE command
3767 HELP command must be followed by f i l e  number (O to  9)
3770 HELP command must be followed by f i l e  number (O to  9)
4017 HELP f i l e  no t p resen t on DTAO
4231 Checksum e r ro r  during WRITE o r ACCESS command
4260 F ie ld  should be s in g le  o c ta l  d ig i t  in  WRITE o r ACCESS
4261 F ie ld  should be s in g le  o c ta l d ig i t  in  WRITE o r ACCESS
4267 Only f ie ld s  0 or 1 are allowed in  WRITE and ACCESS
4274 In c o rre c t ch a ra c te r  in  s ta r t in g  address of WRITE or ACCESS
4301 In c o rre c t ch a ra c te r  in  number of d a ta  tra n s fe rs  fo r
WRITE or ACCESS 
4373 m issing between arguments o f WRITE or ACCESS
Figure 43. Continued
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The delim itting  ch a rac te rs  " " m u st be p resen t
w ithin th e  command s tr in g  as w ith FOCAL.
In te rn a l subroutines used in the decoding and execution of the 
commands a re  given in F ig.46 which also l i s t s  the  rou tines which a re  
iden tica l w ith those used w ith the FOCAL in te rp re te r .
AU in te rn a l subroutines have been c rea ted  using th e  PAL III cross 
assem bler sy stem  available, the l i s t  having been included on m icrofiche. 
Supporting docum entation in the fo rm  of flow sheets is included in 
Appendix E , F ig.47 being the core configuration o f the  m onitor system .
7.9. System  Commands
The foUowing section  is concerned w ith th e  fa c ilit ie s  which have 
been included in th e  sy stem  and the m ethods by which they have been 
im plem ented.
Examples of system  use a re  also provided in F ig.48 which is  one 
o f the  HELP f ile s  produced to  provide users  w ith sy stem  inform ation.
7.9.1. DIRECTORY
This command has been designed to  give a com plete lis tin g  of aU 
th e  f ile  in form ation  available w ithin the d irec to ry  of a m agnetic tape.
The ou tpu t from  th is  command is as shown in F ig.49 and i t  is 
achieved internaU y by using the  " tra c e "  fa c ility  which has been made available. 
This p a r tic u la r  fa c ility  is the same as th a t  used in FOCAL whereby two 
flip -flo p s  a re  used. If both  are  zero when a ch a rac te r  is reassem bled fro m  
te x t ,  th e  c h a ra c te r  is p rin ted  a t  the console device. The f ile  names are  
s to red  in the  d irec to ry  initiaUy as s tripped  packed ASCII ch a rac te rs  and have 
to  be re fo rm ed  using the in te rn a l rou tine  GETC which uses the  output te x t  
p o in te r to  pick up the ch a rac te rs  sequentially. W ith the  tra c e  fa c ility  
enabled, each of th ese  ch a rac te rs  is rep rin ted  a f t e r  i t  has been reassem bled. 
The p a ram e te rs  associated  w ith  each f i l e  a re  fro m  le f t  to  rig h t
(Fig.49)
1. File s ta r t in g  b lock , i.e. the  position on the tape a t  which the 
f ile  can be located. This number is  p rin ted  out as a 
fo u r  d ig it decimal number using th e  in te rn a l binary to  
decim al decoding and prin ting rou tine  PRNTLN.
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2. The number o£ blocks on tape com pletely filled  by th is
f ile . This is also p rin ted  ou t using PRNTLN and is 
th e re fo re  a 4 d ig it decim al num ber.
3. The number of words used by th is  f ile  in the  nex t block.
Four decimal d ig its  using PRNTLN.
4. The address in core fro m  which th is  f ile  was saved.
I t  is a fo u r d ig it o c ta l address p rin ted  using PRNTOCT.
5. The fie ld  fro m  which the  f ile  was saved. Four o c ta l
d ig it numbers p rin ted  using PRNTOCT.
7.9.2. SAVE Command
F ac ilitie s  will be required f o r  saving th re e  types of f ile s  from  
core on to  a m agnetic s to rag e  device.
1. FOCAL Program Files
2. FOCAL D ata Files
3. Executable binary f ile s  of e ith e r  FOCAL system  so ftw are  or
o th e r binary so ftw are ,
a. FOCAL Program  Files
In th e  8K version of FOCAL, program s a re  held in fie ld  1 of 
mem ory in s tripped  packed ASCII fo rm , lines in the  program  being linked 
to g e th e r  by the  use of a po in ter system .
There are  th e re fo re  two possible ways in which f ile s  could be saved. 
E ith e r  the e n tire  u sers  te x t  m u st be saved as an image f ile  to  be reloaded 
in to  the  sam e place in core when requ ired , o r a lte rn a tiv e ly , use m u st be 
made of te x t  ou tpu t rou tines to  load refo rm ed  ASCII ch a rac te rs  in to  a 
b u f fe r  which may then be saved on tape . The rev e rse  process would then be to  
read  fro m  tape in to  a b u ffe r  arid use the  t e x t  input rou tines to  read  fro m  the 
b u f fe r  and repack the ch a ra c te r  in FOCAL program  fo rm a t.
This second m ethod would provide a large degree of flex ib ility  
allowing u sers  to  save groups of lines or single lines o r  whole program s w ith 
th e  possib ility  o f an overlay f ile  system  upon reloading. I t  was however 
decided th a t  the  organisation of such a sy stem  would require a large am ount o f 
m odification to  the  FOCAL in te rp re te r  as well as th e  provision of a segm ented 
b u f fe r  system  fo r  the  t r a n s f e r  operations.
The f i r s t  m ethod was th e re fo re  chosen as being a compromise 
betw een flex ib ility  and ease of im plem entation. By saving the  whole of the  - ^
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program  te x t  cu rren tly  in the te x t  b u f fe r ,  the  reloading of any program  
f ile  will cause any previous inform ation in th e  te x t  b u ffe r  to  be overw ritten .
The PR extension was adopted f o r  FOCAL program  file s  and is 
used to  denote th a t  an area of core fro m  0100 in fie ld  1 is to  be saved- as 
th is  is  the s ta r tin g  point fo r  FOCAL program  te x t  s to rage . The length 
of the  f ile  has to  be determ ined by examination of th e  cu rren t end of te x t  
po in ter in the FOCAL in te rp re te r .  The number of words required being 
converted in to  whole blocks and a single block containing the remaining 
number o f words no t accommodated within the  in teg e r number of blocks .
This data  is used to  update the d irec to ry  of the p a rtic u la r  device 
upon which the file  is to  reside.
b. FOCAL Data F iles
Again, a procedure as described fo r  FOCAL Program  Files could 
have been adopted fo r  the da ta  f ile .
However, fo r  reasons of s im plic ity , a sy stem  was adopted whereby 
the  c u rre n t da ta  available in the  symbol tab le is saved as a whole on the 
DECtape using a filenane extension of DA.
The length of the  f ile  and position in core in which i t  resides is 
obtained by an examination of the FOCAL s t a r t  and end of variables p o in te rs . 
The f ile  :l5 saved an d  th e  d ire c to ry  is updated.
The versions of the  SAVE command used fo r  FOCAL program  and 
data  f ile s  a re  th e re fo re  .
SAVE DTAO : FOCL GM . PR
SAVE DTAO : FOCL GM . DA
and they cause au tom atic  saving of program  and da ta  f ile s .
c. B inary Files
I t  was assumed th a t  any u ser who wanted to  save binary f ile s  
would f i r s t  have w ritte n  the executable binary program  and th e re fo re  have 
a good working knowledge of com puter operations.
I t  was th e re fo re  arranged th a t  Binary f ile s ,  w hether FOCAL 
sy stem  so ftw are  or o th e r so ftw are  would be saved as d ire c t core image 
file s  to  be reloaded back in to  core in the  identical position. The saving o f 
such a f i l e  would also requ ire  the u ser to  specify the  length of the f ile  and 
the position in core fro m  which i t  should be saved. '
148
The fo rm a t of the  command fo r  saving binary f ile s  is th e re fo re :- 
SAVE DTAl : BINARY . BN , H , I , JK 
where H is a single o c ta l d ig it f ie ld  se ttin g
I is a one to  fo u r o c ta l d ig it address fro m  which the 
binary f ile  is to  be saved.
JK is a two decim al d ig it num ber, designating the number 
of whole blocks to  be saved.
Binary f ile s  are  saved as consecutive locations in core and can 
tra v e rse  across fie ld  boundaries. This allows a FOCAL sy stem  to  be saved 
as a 64 block binary file .
d. M onitor System  Saving
A fa c ility  has been included whereby the  m onitor system  can be 
saved on DECtape. This was thought to  be a necessary  fa c ility  of the  system  
as i t  allowed m inor updates in system  so ftw are  to  be accomplished by toggling 
in new in stru c tio n s  fro m  the com puter console. As a b o o ts tra p  loader is used 
(see a la te r  section) th is  p a rticu la r  fa c ility  always ensures an up to  date  
operating system .
The fo rm a t of the  command is simply 
SAVE
and the  system  area  of co re , i.e . the  whole of fie ld  2, is 
autom atically  saved in blocks 20 through 52 o f the  DECtape in unit 0.
7.9.3. LOAD Command
All the f ile s  saved using the SAVE command a re  core image file s  
which in general m ust be loaded back in to  the  sam e position  in core from  
which they were saved.
FOCAL Program  f  iles and binary core image f ile s  a re  th e re fo re  
loaded in to  core from  tape in to  exactly  the  sam e position.
W ith FOCAL Program f ile s , a check m u st f i r s t  be made to  see 
w hether the FOCAL te x t  b u ffe r  is of su ff ic ie n t length to  accommodate the 
f ile . If n o t, an e r ro r  code is  issued. If the b u f fe r  is  long enough, the f ile  
is  loaded, and the end of te x t  po in ter in FOCAL adjusted accordingly.
W ith FOCAL Data f i le s ,  i t  would no t be convenient to  load the f ile  
in to  the  exact position from  where i t  came. I t  m u st be loaded in to  the 
position of the cu rren t variable tab le.
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Checks m u st f i r s t  be made to  determ ine w hether su ff ic ien t 
space is available. When the  f ile  has been loaded, the  end of variable 
po in ter in FOCAL m ust be updated accordingly.
The versions of the load command a re  th e re fo re :-
LOAD DTAO : FOCLGM . PR
LOAD DTAl : FOCLXM . DA
LOAD DTAl : FCLVOI . BN
7.9.4. ERASE Command
An ERASE command is required as a housekeeping fa c ility  so th a t  
unwanted f ile s  can be deleted from  the DEC tapes and th e  space recovered fo r  
new file s .
This could be done in e ith e r  of two ways:-
1. By adopting a procedure of im m ediately recovering the space
occupied by the deleted f ile ,  f ile s  below the deleted f ile  
being siphoned upwards and the d irec to ry  m odified 
accordingly. New file s  can then be saved autom atically  
a t  the  end of the  cu rren t f ile s  on tape.
2. By adopting a procedure s im ila r to  th a t  used in th e  OS8
sy stem , whereby f ile s  deleted fro m  the  DECtape leave 
spaces which a re  then filled  w ith new f ile s  when created .
This second procedure would require th a t  when a new file  is c rea ted , 
edl of th e  em pty spaces on the  tape would have to  be exam ined to  determ ine 
which of the  spaces was m o st su itab le  fo r  th e  f ile  in question. Em pty spaces 
too sm all to  accommodate f ile s  would be inevitably l e f t ,  requiring the use of 
a special command to  eventually recover any embedded in te r - f i le  spaces.
Q uite sophisticated  f ile  saving procedures would have to  be employed 
in o rder to  p erfo rm  these  ta sk s .
I t  was th e re fo re  decided th a t  the  f i r s t  m ethod would be used thereby 
sim plifying the procedure of f ile  saving, b u t increasing the tim e required fo r  
f ile  deletion because of the  siphoning procedure required.
F ile  siphoning has been accomplished by use o f th e  area  allocated  to  
th e  d irec to ry  b u ffe r , te n  blocks being read  in to  core from  th e  a rea  occupied 
by the  f ile  and then w ritte n  on to  the DECtape in to  the new area. This cycle 
is  continued un til all the  f ile s  have been moved and the space recovered.
1 5 0
The fo rm a t of the  ERASE command is 
ERASE DTAl : OBSLET . BN
7.9.5. RUN Command
As th e  f ile  handling system  has been developed essen tia lly  fo r  
th e  purpose o f saving and recalling FOCAL program s, the save and load 
commands have been developed purely as f ile  m anipulation rou tines. A f te r  
th e  use of th ese  commands, contro l rem ains w ithin the m on ito r system . 
There was th e re fo re  a need to  provide a command to  enable program s to  be 
executed. In the  case of FOCAL program s, th is  m eant s ta r t in g  the  FOCAL 
in te rp re te r  a t  address 0200 of fie ld  0.
F o r o th e r executable binary f ile s  c rea ted  by experienced u s e rs , 
a command was required to  s t a r t  the  binary program  from  any specified 
address w ithin core.
A RUN command was th e re fo re  incorporated  in to  th e  sy stem  so as 
to  c a te r  f o r  th e  above requ irem en ts. The following fo rm a ts  a re  allowed:- 
R
This fo rm a t t ra n s fe rs  contro l to  0200 fie ld  0 and is  the  version 
o f th e  command included specifically  fo r  the purpose of running the  FOCAL 
in te rp re te r .
In conjunction w ith  this^an extension of th e  QUIT command has been 
provided in the  FOCAL in te rp re te r  in o rder to  re tu rn  contro l back to  0200 
fie ld  2, the  s ta r t in g  point of the m onitor system . The QUIT command has 
th e  fo rm a t
Q .
The o th e r versions of the  m onitor RUN command a re :-  
R , A .. (1)
R , B , A . ..(2)
where A is a 1 to  4 o c ta l d ig it s ta r t in g  address 
B is a 1 to  4 o c ta l d ig it fie ld  se ttin g .
V ersion (1) assum es a fie ld  se ttin g  of 0 whereas version (2) provides 
th e  fa c ility  of to ta lly  defining a s ta r t in g  address.
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7.9.6. COPY Command
The COPY command was included in the system  in o rder to  extend 
users f ile  manipulation capabilities. Instead of f ile s  having to  be loaded 
in to  core and then saved w ith existing commands, the COPY command 
u tilizes  the ten  block d irec to ry  b u ffe r  to  make a copy of an existing file
on the  same DECtape o r on another DECtape. If  th e  copy is made on the
sam e DECtape, a new name m u st be allocated to  the f ile . I f ,  however, 
a d iffe re n t DECtape is used, the sam e f ile  name may be used. The system  
th e re fo re  allows im p o rtan t program  f ile s  to  be saved on a m a s te r  tape , 
providing a sa fe  copy in the unlikely event of system  corruption.
The fo rm a t of the  command included is
COPY EXISTING FILE <  NEW FILE. .
e.g. COPY DTAO : FILE 1 . P  R <  DTAl : FILE 1 . P R
7.9.7. FIND Command
A FIND command was included so th a t  a DECtape d irec to ry  could 
be examined to  determ ine w hether a named f ile  was p re se n t, w ithout the  need 
to  p r in t out a lengthy d irecto ry  of the file .
The command uses the in te rn a l d irec to ry  search  rou tine fo r  the 
purpose. If th e  f ile  named is no t p re sen t on the  se lected  device, an e r ro r  
code is p rin ted  on the te rm inal device. If th e  f ile  is p re se n t, the system  
re tu rn s  to  aw ait fu r th e r  commands, no e r ro r  code being prin ted .
The fo rm a t of the  command is
F DEVICE : FILE : EX
7.9.8. ZERO Command
This command was included w ithin the system  mainly fo r  
in itializ ing DEC tapes to  conform  to  a fo rm a t specified  fo r  the system .
Gbntrol words have been included within the  d irec to ry  heading of 
th e  system  so th a t  DEC tapes used fo r  o th e r f ile  handling system s (OS8) 
cannot be read. The ZERO command is used to  s e t  up the  contro l words a t  
th e  beginning of the d irec to ry  to  c lear the d irec to ry  and to  s e t  up the  f i r s t  
block fro m  which file s  may be saved. F iles are  saved fro m  block 70 onwards, 
th e  in itia l blocks on each tape being re ta in ed  as a sy stem  area.
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The fo rm  of the ZERO command is
Z DEVICE
This command will re tu rn  w ith a ? and w ait fo r  fu r th e r  input /
fro m  the user.
CTRL/S or CTRL/F will re su lt  in the  device being zeroed, any 
o th e r reply causing the command to  a b o rt, thereby afford ing  some degree 
o f p ro tec tio n  fo r  the inexperienced user.
7.10. Special M onitor Commands
7.10.1. HELP Command
In order to  provide users w ith sy stem  info rm ation , i t  was thought 
to  be necessary  to  include a command whereby users  could obtain a b r ie f  
guide to  system  operation. A lternative ly , u sers  could provide inform ation 
about the running of th e ir  own f ile s  fo r  o th e r users .
This could have been accomplished by including an ASCII data  
handling fa c ility  within the m onitor system , d a ta  being in itia lly  s to red  in 
a b u f fe r ,  w ritte n  as a f ile  on to  DECtape and then "replayed" when required.
An a lte rn a tiv e  procedure would be to  allow d ire c t running of a 
FOCAL program  from  the m onitor system . The inform ation  f ile  could then 
be crea ted  in FOCAL and the  whole of the FOCAL in te rp re te r  and program  
saved as a binary file . With suitable extensions to  the m onitor sy stem , the 
binary f ile  could then be executed from  a single command within the m onitor.
The second method although requiring the saving of the FOCAL 
in te rp re te r  fo r  each HELP file  produced and hence a slightly  in e ffic ien t usage 
of m agnetic s to rag e , would provide a sim ple and flexible compromise by 
utilizing fa c ilitie s  already available with MONITOR system .
HELP f ile r  a re  th e re fo re  crea ted  by loading FOCAL and creating  
an in form ation  f ile  as à FOCAL program . The whole o f the  FOCAL 
in te rp re te r  and program  te x t  is saved as a 64 block binary f ile  on device DTAO 
using the  SAVE command. The file  names fo r  such f ile s  are  HELP n . BN 
where n is a single d ig it in the  range 0 to  9.
The binary f ile  can then be executed using the  command
HELP n
where n again defines the HELP f ile  number.
A utom atic loading and execution w a s  accomplished by use of the
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in te rn a l rou tines of the m onitor.
F ig.48 shows one of the  HELP file s  which has been c rea ted  to  
provide u sers  w ith in fo rm â t!on about system  operation and commands.
7.10.2. In te rp ro cesso r Communication
The development of an in te rp ro cesso r b u ffe r , using M series  I/O 
modules available fo r  the PDP 8E and the  b u ffe red  accum ulator fa c ilitie s  
available in the PDP8, made i t  possible fo r  accum ulator to  accum ulator 
t r a n s f e r  to  take place between the two machines.
U nfortunately  the system  requires th e  accum ulators of both  
machines to  be available fo r  t ra n s fe rs  (non d ire c t memory access), 
program m ed data  t ra n s fe rs  would th e re fo re  hold up the  operation of an 
existing program , even if  the  system  was driven under in te rru p t.
As  the  PDP 8E has to  a c t  as a co n tro lle r fo r  the  DECtape 
t r a n s f e r s ,  synchronous da ta  tra n s fe rs  fro m  tape to  PDP8 via the PDP 8E 
would be v irtua lly  im possible because the PDP 8E has no ex terna l clock.
This would make i t  d iff ic u lt to  incorporate  the PDP 8E/DECtape system  
in to  a dual p rocessor Real-Tim e FOCAL operating system . The use of the 
machines in th is  fashion would requ ire  the  development of ex trem ely  
soph istica ted  so ftw are .
I t  was th e re fo re  thought th a t  they could be b e s t used as a s to rag e  ~ 
m edium  fo r  all FOCAL so ftw are  used on the  PDP8 and the PDP 8E. Such a 
system  would requ ire  handlers fo r  the in te rp ro cesso r b u f fe r  to  be re sid en t in 
both  machines fo r  t ra n s fe rs  in both  d irections.
As the PDP8 has only a minimum amount of f re e  core space 
available, the  PDP 8E file  m onitor system  was chosen as th e  co n tro lle r fo r  
the  proposed system  , using a slave loader program  in the  PDP8. As m ^ n e tic  
s to rag e  would e ffec tiv e ly  replace the  need to  use paper tape s to rag e , the 
slave program  in the PDP8 could be made to  occupy the  area  of core normally 
associa ted  w ith  the Binary Loader.
As the  PDP 8E cannot con tro l data  t r a n s fe r s  between i t s e l f  and 
the PDP8 concurrently  w ith DECtape t r a n s f e r s ,  a b u ffe rin g  system  would be 
required.
This could be achieved e ith e r  by using a sm all b u f fe r ,  tra n sfe rr in g  
perhaps te n  blocks of data  p er tim e or else by using the  whole of th e  lower
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8K of core in the PDP 8E and creating  a duplicate core image in the 8E of 
program s in the  8.
This l a t t e r  m ethod was selected  because of the  ease w ith which 
i t  could be im plem ented. Routines already available within the  m onitor 
sy stem  a re  used to  save the  core image on the DECtape once the t r a n s fe r  
p rocess had been com pleted, , th e  rev e rse  process being achieved by 
reloading the  program  in to  core and tra n sfe rr in g  the core image back again.
The disadvantage of such a system  would be th a t  any program 
re s id e n t in the lower 8K of the 8E would be overw ritten  and requ ire  reloading. 
This would however produce l i t t l e  inconvenience as all sy stem  so ftw are  would 
be reloadable fro m  the  m agnetic tape using the  m onitor system .
Thus i t  was decided to  im plem ent core image tra n s fe rs  using 
program m ed data  tra n s fe rs  ra th e r  than in te rru p t driven da ta  t ra n s fe rs  which 
would have required  s ign ifican t m odifications to  the in te r ru p t processor.
7 JO .2.1. WRITE and ACCESS Commands
The WRITE command causes a core image t ra n s fe r  from  th e  PDP 8E 
to  th e  PDP8 and has the  following fo rm a t:-  
WRITE , X , Y , ZZZZ
where .X is the fie ld  of tra n s fe r  only fie lds 0 and 1 being allowed 
Y is the  address w ithin the fie ld , fro m  which the  t r a n s fe r  
is to  s t a r t
ZZZZ is a 1 to  4 o c ta l d ig it number used to  define the 
number of consecutive locations to  be tra n s fe rre d .
The maximum size of data t r a n s fe r  which can take place a t  any one 
tim e  is  4K of m em ory, achieved by s e ttin g  ZZZZ to  O.
F or t ra n s fe rs  in the rev erse  d irection , the  ACCESS command is
used.
. ACCESS , X , Y , ZZZZ 
B oth o f these  commands m u st be used in conjunction w ith a 
Special Loader w r itte n  fo r  the  PDP8
Each tim e a data  t r a n s fe r  is requested  by using e ith e r  the WRITE 
o r  ACCESS commands, the  PDP 8E sends fou r in itia l da ta  words to  th e  PDP8 
via th e  in te rp ro cesso r b u ffe r , th e  fie ld , th e  s ta r t in g  address, the number of 
words and a sw itch fo r  the  d irection  o f tra n s fe r .  During the  t r a n s f e r ,  a 
two by 12 b i t  checksum is calculated in both  machines. These are  checked
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against each o th e r  a t  the end of the t r a n s f e r  process by sending both of 
the  twelve b i t  words computed in the PDP8 to  the  PDP 8E. The words 
a re  then compared w ith the  two words computed in the 8E ; non-co rres­
pondence produces an e r ro r  code a t  the m onitor te rm in a l device.
The special loader in the PDP8 resides in the  a rea  of core 
norm ally occupied by the binary lo a d e r , i.e . page 37, fie ld  1. I t  may be 
in itia lized  by s ta r t in g  fro m  the  com puter console in which core contro l 
rem ains w ithin the loader a f te r  the  da ta  tra n s fe r .
An a lte rn a tiv e  procedure to  f a c i l i ta te  the use of the  in te rp ro cesso r
b u f fe r  fro m  FOCAL, an extension has been made to  the  FOCAL ERASE
command to  t ra n s f e r  con tro l to  the loader program .
Thus the  FOCAL user may type
E E
a t  h is te rm in a l and control will be tra n s fe r re d  to  the loader.
A f te r  the  da ta  t r a n s f e r  has been com pleted, contro l is re tu rn ed  im m ediately 
to  the  FOCAL in te rp re te r .
F ig .50 shows m example of the  use of the  WRITE and ACCESS 
commands fo r  loading the  FOCAL system  and program  s to re d  on DECtape in to  
the PDP8 and also th e  m ethods by which FOCAL program s running on the  PDP8 
may be saved.
7.11. B ootstrapping  the  Svstem
The sy stem  was developed using a cross assem bler in the ICL 
system  450 com puter (p a rts  in the  0S8 operating sy stem  using Symbolic 
E d ito r + PAL8) and th e re fo re  ex is ts  in itia lly  as a paper tape  binary program . 
I t  is th e re fo re  necessary  to  load th is  program  w ith the binary loader and 
then save i t  on the DECtape in th e  system  area au tom atically . This has 
been done and in the  in itia lisa tio n  of the  sy stem , the  sy stem  area is saved 
in blocks 20 through to  52 of the DECtape on un it 0. The in te rru p t 
p rocessor is also im m ediately w ritte n  in to  blocks 11 and 12 of the  DECtape 
on unit 0.
As th e  sy stem  is p resen t as a f ile  in a DECtape, i t  would seem 
sensible i f  the  sy stem  could be loaded fro m  the tape d irec tly  once the  system  
has been b u ilt r a th e r  than having to  use paper tape versions. The s e t  of 
in stru c tio n s  shown in Fig. 52 is the b o o ts trap  loader fo r  th e  sy stem , and is 
used to  load in a much la rg e r  b o o ts trap  loader, s to re d  in block 0 of the tape
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on un it 0. This maxi b o o ts trap  is then used to  load in the  system  from  
tap e , providing data  t r a n s fe r  e r ro r  de tection  by use of checksums.
This maxi b o o ts trap  is saved in block 0 when the  system  is in itia lly  loaded 
fro m  paper tape.
Fig. 51 shows the configuration adopted on DEC tapes fo r  the 
allocated  system  area.
7.12. Program  Chaining F a c ili t ie s  provided by the system
The methods which have been employed in the development of the 
M onitor system  and also the FOCAL configuration used (see C hapter 4) 
allow s to red  FOCAL program  modules to  be chained to g e th er.
F or example, if  a lengthy program  is requ ired , i t  may be sp lit 
up in to  a data  in itia lisa tion  section , com putation section  and an output 
section  in the following manner
L DTAO;PRDAIN.PR 
# R




In p u t o f da ta
? 0000 




Return to  m onitor
Load computation program
FOCAL en tered
Data a n a ly s is  program
*Q .
?0000 




Return to  m onitor
Load ou tpu t program
FOCAL en tered
y Output o f  data
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Sim ilarly da ta  tab les could be c rea ted  by using an 
in itia lisa tio n  p rogram , and then s to red  on DECtape fo r  use a t  some 
la te r  s ta g e , e .g .:-
# L  DTAOiPRDAIN.PR 







? 00.00  
*G
Load d a ta  in p u t program 
Run program 
FOCAL en tered
E n ter d a ta  fo r  f i r s t  f i l e
Return to  m onitor
Save d a ta  f i l e  
Re-run fo r  nex t f i l e
E nter d a ta  fo r  second f i l e
*Q .
? 0000 
# S  DTA0;DATF3.DA
Return to  monitor
Save d a ta  f i l e
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This p a rtic u la r  fe a tu re  al though somewhat cum bersom e and 
no t quite  as convenient as a d ire c t program  chaining fa c ility  im plem ented 
via calls w ithin FOCAL does, in f a c t ,  make the  system  p articu la rly  easy 
to  use. I ts  sim plicity  ensures th a t  all users know exactly  w hat is 
happening and can easily control operations fo r  the  selection  of the 
c o r re c t program  module.
7.13. Discussion
The sy stem  developed has been used extensively by U ndergraduates, 
P o stg rad u a tes  and m em bers of s t a f f  within the  School o f Chemical 
Engineering.
As y e t ,  no m ajor d e fec ts  have been «encountered when using the 
sy stem  and the tim e required to  become conversant w ith  sy stem  operation 
is m inim al. I t  would also appear th a t  m o st of the  aim s and objectives s e t  
ou t p r io r  to  the  development of the system  have been achieved.
One of the m ajor advantages of the  system  is th e  ease w ith which 
extensions can be provided to  the  system . Minor m odifications can be 
co rrec ted  by in sertin g  in the  new sections from  the  com puter console, the 
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0 System B ootstrap Loader
I to  10 D irec to ry  o f f i l e s  s to red  on the  DEC tape
II and 12 In te r ru p t  Processor fo r  F i le  Monitor System
13 and 14 Pages 0 and 1 o f f i e ld  0
15 to  19 Not used
20 to  51 Saved core image f i l e  o f F i le  M onitor System
52 to  69 Not used
70 to  end Saved f i l e s
Figure 51 » Block A llo ca tio n  o f Formatted DECtapes
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ADDRESS CONTENTS SYMBOLIC SOURCE LINE
OCTAL OCTAL
7300 1312 BEGIN, TAD SEARCH //START DECTAPE IN REVERSE
7301 4312 JMS SEARCH //BACK TO END ZONE
7302 4312 JMS SEARCH //MARK TRACK CODE OF 31
7303 6773 QUAD, SDSQ //WAIT FOR QUAD LINE FLAG
7304 5303 JMP’ .-1
7305 6777 SDRD //READ DATA
7306 3726 DCA I  POINT //STORE DATA
7307 2326 ISZ POINT //MOVE ON TO NEXT
7310 5303 JMP QUAD //MORE TO COME YET
7311 5732 JivIP I  START //NOV/ TO MAXI-BOOTSTRAP
7312 2000 SEARCH, 2000
7313 1300 TAD BEGIN //SET FOR DECTAPE 0
7314 6774 SDLC //LOAD COMvIAND REGISTER
7315 6771 INLOOP, SDSS / A aIT FOR SINGLE LINE
7316 5315 JMP .-1 J
7317 6776 SDRC //READ C O i M j m  REGISTER
7320 0331 AND 077 /ISOLATE MARK TRACK BITS -
7321 1327 BKF’ND, TAD M22 //END ZONE INITIALLY
7322 7640 SZA CLA //FOUND YET
7323 5315 JMP IKLOpP / 0 O  KEEP LOOKING
7324 2321 ISZ BKPND //RESET FOR MT CODE 31
7325 5712 JMP I  search //RETURN
7326 7574 POINT, 7574 //LOAD ADDRESS
7327 7756 M22, -22 //END ZONE CODE
7330 7747 M31, -31 //START CODE
7331 0077 077, 0077 //MARK TRACK MASK
7332 7617 START, 7617 //START ADDRESS







One of the  m ajor problems encountered when using com puters is 
th a t  of com m unication. The com puter only "understands" binary words 
s to re d  w ithin i t s  m em ory and the general u se r only "understands" language 
s ta te m e n ts . In o rder to  make i t  possible fo r  the u ser to  communicate 
meaningfully w ith the com puter, some fo rm  of " tra n s la to r"  m u st be 
in terposed  between them .
The " tra n s la to r"  could take the fo rm  of an experienced program m er, 
capable of c rea tin g  program s a t  machine code level and developing all 
applications program s fo r  users. This type of system  generally re su lts  in 
the  p o ten tia l u se r having to  w ait a considerable tim e befo re  his program  
becom es operational and the final product is  inclined to  be m ore w hat the  
program m er thinks the  u ser req u ires , r a th e r  than w hat the u se r actually  
req u ires . F u rth e r  d iff icu ltie s  a rise  when the program  requ ires m odification, 
e ith e r  to  c o r re c t i t  o r to  make i t  m ore flex ib le , as the experienced 
p rogram m er m u st be involved once again.
A m ore flexible approach to  th is  communications problem would be to  
have some fo rm  of so ftw are  or hardw are " tra n s la to r"  to  convert users  < 
language s ta te m e n ts  in to  binary machine words. This would allow users  to  
c re a te  th e ir  own applications so ftw are  and modify i t  as necessary  w ithout 
having to  involve a th ird  p a rty  a t  any stage .
F or o ff-lin e  d a ta  processing problem s, th is  l a t t e r  m ethod has been 
employed fo r  a long tim e in the fo rm  of com piler-based o r in te rp re te r -  
based high le v e l language system s. However, fo r  on-line contro l problem s, 
th e  fo rm e r  m ethod has been used in the p a s t because i t  has been necessary  
to  make m ore e f f ic ie n t use of core, peripheral equipment and processing tim e.
R ecently  however, th e re  has been a tren d  tow ards developing and using 
m ore flexible sy stem s in on-line s itu a tio n s . This has resu lted  in "Fill-in- 
th e -F o rm " techniques, hardw are programming aids and high level language 
sy stem s being adopted fo r  rea l tim e applications. The type of system  
employed is dependant upon the n atu re  of the re a l tim e application and the 
fa c ilit ie s  required  by the  users  of the system .
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8.2. Choice of Operating System
In an Education and Research environm ent, o ff- lin e  fa c ilitie s  
a re  required fo r  data processing, m athem atical m odelling and sim ulation 
s tud ies . In addition to  th is ,  on-line fa c ilit ie s  a re  required  f o r  the 
con tro l of experim ents, data  acquisition fro m  experim ents and data  
processing of the re su lts  of experim ents. R a th e r than having d iffe re n t 
sy stem s and languages fo r  on-line and o ff-lin e  applications, i t  would be 
m ore e ff ic ie n t i f  the same o r s im ilar sy stem s w ere adopted in both cases.
Programming system s based upon the  use o f e ith e r  "f il l- in - th e -  
fo rm " techniques or hardware pushbutton program m ing techniques were 
discounted because th e ir  specific  o rien ta tion  tow ards p lan t contro l m eant 
th a t  they lacked the fa c ilitie s  fo r  general data  processing problem s.
The choices available were th e re fo re  e ith e r  to  se le c t an existing 
high level larguage system  and modify i t  to  provide on-line fa c ilitie s  or 
a lte rn a tiv e ly  to  develop a new programming system . As any system  
developed would have had to  include general data  processing fa c il i t ie s ,  i t  
was decided th a t  under the circum stances i t  would be b e t te r  to  take an 
existing high level language system  and use i t  as the basis fo r  an on-line 
system . -
Although FORTRAN is a "standard" high level language, i t  is generally 
a com piler-based language. The use of a com piler-based language on a sm all 
m inicom puter, w ithout m ass s to rag e , is ex trem ely  ted ious, involving the 
u se r in several s tep s  of c rea tin g , compiling and running using paper tape as 
an in te rm ed ia te  sto rage  medium fo r  source, object and compiled program s.
FOCAL, an in te rp re tiv e  language, was th e re fo re  se lected  as being 
a su itab le basis fo r  an operating system . The core re sid en t n a tu re  of the 
in te rp re te r  avoids the necessity  fo r  loading sep a ra te  sections of the  operating 
sy stem  during the various s tag es  of program  development and execution. The 
in te rp re te r  also possesses the advantages of single s ta te m e n t o r group 
execution and extensive te x t  editing f a c i l i t ie s , thereby  making the process 
of program  tes tin g  and correc tion  easy and re la tiv e ly  f a s t .  I ts  m ajor 
disadvantage s tem s from  the f a c t  th a t  program  execution speeds are  much 
slow er than fo r  a sim ilar compiled program .
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8.3. Real-T im e FOCAL System s
The FOCAL in te rp re te r  was f i r s t  extended to  provide on-line 
fa c ilitie s  fo r  a single user. The te s t s  described in Appendix A show 
th a t  the  system  is fully  capable of dealing w ith a con tro l and data  
acquisition problem typical of those which would be encountered within 
a labo ra to ry  environment. As expected, the  sy stem  was quite slow 
in te rm s  of program  execution, being capable of a maximum data  sampling 
r a te  of the order of 20 p er second. This however was no t thought to  be 
too  slow to  preven t the system  being extended so as to  p e rm it two users 
to  tim e share i t s  fa c ilitie s .
Although m ost of the slowness of the FOCAL system s may be 
a ttr ib u te d  to  the m ethod of operation of the  in te rp re tiv e  sy stem , the 
a rc h ite c tu re  of the com puter on which i t  is being used also influences 
operating speeds.
8.3.1.Hardware L im ita tions
The 12-b it word length of the PDP-8 com puter only allows d ire c t 
addressing of 128 words of memory and in d irec t addressing of 4096 words 
of memory. As m o st re fe ren ces  to  variables will be outside the 128 word 
range, ind irec t addressing has to  be used. Thus th e  tim e taken to  access 
a word of inform ation will be g re a te r  than th a t  f o r  com puters w ith la rg er 
word lengths.
Allied to  th is  is  the f a c t  th a t  the PDP-8 has only a single accum ulator 
and a simple in stru c tio n  s e t  which requires th a t  a ll data  t ra n s fe rs  and 
m anipulations occur through the accum ulator. The tim e taken fo r  even 
sim ple operations is th e re fo re  g re a te r  in the PDP-8 than in machines with 
m ultiple accum ulators and m ore soph istica ted  in s tru c tio n  s e ts .
F or example:-
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PDP-8 (12 b i t  word) PDP-11 (16 b i t  word)
CLA CLL 
TAD I A 
DCA I B
MOV A,B ) 
re fe ren ce  to  A ) 3 words 







Execution tim e 7.5y ^ se cs  
Words used 7 (84 b its )
Execution tim e 4^X6 secs 
Words used 5 (80 b its )
All m ultip lications and divisions w hether unsigned in teg er o r floa ting  
point m u st be done by so ftw are  on a minimal PDP-8 system . This will 
obviously have a d e trim en ta l e f f e c t  upon program  execution speeds. For 
example, a so ftw are  routine to  perfo rm  unsigned in teg er m ultip lication of 
two twelve b i t  numbers will take approxim ately 500/rsecs on the  PDP-8.
On machines w ith th is  function incorporated  in to  the in s tru c tio n  s e t ,  the 
process would take o f the o rder of IQ/xsecs. Sim ilarly w ith floa ting  point 
so ftw are , a single operation w hether addition, m ultip lica tion , sub trac tion  
o r division will take about a m illi-second. The same process done w ith 
parallel processing floating  point hardw are takes about l ^ s e c s .
I f  a "push down l is t"  is  required on the PD P-8, all m anagem ent 
functions m u st be done by so ftw are , unlike o ther machines which have 
hardware controlled s tack  managem ent. This m u st also add to  the execution 
tim es experienced in FOCAL p articu la rly  within the expression evaluation 
ro u tin e , where numerous s tac k  operations a re  required.
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W ithin the PD P-8, all in te rru p ts  a re  connected to  a common 
in te rru p t bus which means th a t  an in te r ru p t will have the sam e e f f e c t  as 
any o th er in te rru p t. Thus in order to  d e te c t which peripheral device has 
caused the in te rru p t,  a so ftw are  skip chain m u st be used to  t e s t  the 
s ta tu s  of the flags of a ll devices. This obviously is less  e f f ic ie n t in 
te rm s  of processing  tim e usage than fo r  a sy stem  which has p rio rity  
vectored  in te r ru p ts ,  which im m ediately link the in te rru p tin g  device with 
i t s  handling so ftw are . This may no t have a g re a t  e f f e c t  in a single user 
system  b u t i t  is essen tia l fo r  e ff ic ie n t use of peripheral devices in a 
m u lti-access  system .
8.3.2. Softw are L im ita tions and possible enhancem ents.
M ost of the tim e required  by the FOCAL in te rp re te r  fo r  program  
execution can be a ttr ib u te d  to  the variable search  and line location rou tines 
used. I f  the execution tim es of FOCAL program s were to  be reduced, 
these  rou tines would have to  be modified. The m ajor problem would then 
be to  modify them  so th a t  the flex ib ility  of the sy stem  was no t reduced 
significantly . <
The same type of line s tru c tu re  could be m aintained within a system  
which "sem i-com piled" source lines on input. System  subroutines fo r  
commands could be linked d irec tly  in to  a line b efo re  i t  was s to re d  within the 
FOCAL te x t  area . Thus in stead  of having to  decode command lines during 
execution, a subroutine address could be in serted  a t  en try  tim e which would 
cause a d ire c t jump a t  execution tim e. The re s u l ta n t  savings in execution 
tim es could be of the o rder of 0.5 m illiseconds b u t in order to  m aintain the 
same editing fa c il it ie s ,  m ore sophistication  would have to  be added to  line 
editing rou tines. A two level command s tru c tu re  would also have to  be 
im plem ented, as i t  would no t be necessary  to  sem i-com pile command lines 
executed in im m ediate m ode, or commands like MODIFY and WRITE which 
a re  generally used in d ire c t mode.
Methods of by-passing line location rou tines by a s im ila r p rocess would 
be ex trem ely  d iff icu lt to  im plem ent as branches to  lines no t existing a t  the 
tim e of source line input could no t be changed to  an address un til the  
referenced  line was in serted . This would mean th a t  a process s im ila r to  
compilation would have to  take place p rio r to  the program  being run. Many of
I 8 t
the b e t t e r  c h a ra c te r is tic s  of the in te rp re tiv e  system  would be destroyed 
by such m odifications thereby d e fe a tin g  the object of using the  in te rp re te r .
A s im ilar problem ex ists  within the variable search rou tines. I f  
variable addresses were to  be in se rted  instead  of the  variable nam e, a 
com pilation s tage  would have to  be in se rted  between the creation  and 
running of the program .
A method of reducing variable search  tim es would be to  employ a 
slightly  d if fe re n t data  sto rage s tru c tu re . Instead  of allowing all 
variables to  have su b sc rip ts , they could be sp lit  in to  arrayed  variables 
and non-arrayed variables in a m anner s im ila r  to  th a t  employed in FORTRAN. 
The name of an arrayed  variable could then be used to  locate  the position of 
the s to re d  data  v e c to r , and the su b scrip t used to  determ ine the  position of 
the defined variable within the vecto r. This would of course require the 
use o f a rray  dimensioning befo re  program  execution and would c rea te  a two 
section variable tab le  fo r  arrayed variables and non-arrayed variab les , w ith 
a re su lta n t s ligh t decrease in the tim e  taken to  access a variable.
All these m odifications have one common drawback in th a t  they need 
memory space fo r  th e ir  inclusion in the system . In a m inimal 8K sy stem ,
the ex tra  core would have to  be found a t  the expense of variable and te x t
) ■
s to rag e  areas.
Finding su ff ic ie n t core space in order to  add functions to  FOCAL fo r  
r e a l - t in c o m p u t in g  was a co n stan t problem. Many of the fa c ilitie s  had to  
be im plem ented by using m ultiple argum ent function calls requiring one or two 
argum ents in o rder to  define a sub-function of a function call. As each 
function evaluation takes of the order of 1 m illisecond, the tim e taken to  
execute a p a rtic u la r  function is lengthened. This s itu a tio n  could be avoided 
if  m ore core was available allowing a sep ara te  function to  be included fo r  
each group of peripherals. M ost of the functions could in f a c t  be included 
as sy stem  commands, thereby avoiding the in itia l excursion through the 
function evaluation rou tine which all FOCAL functions m u st take. I t  would 
also avoid having to  use an ex tra  command in o rder to  invoke the  function call. 
In th is  m anner, tim e savings of about 2 m illiseconds per function could be 
obtained.
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8.4. FOCAL as an O ff-line  Program m ing Language
The development of a system  fo r  using DEC tapes as a medium 
fo r  saving FOCAL program s and system  so ftw are  was undertaken in 
o rder to  extend the com putation fa c ilitie s  so th a t  FOCAL could be used 
extensively as an o ff-lin e  system  as well as an on-line system .
I t  m ight be argued th a t  the 0S8 operating sy stem  already 
available, provided m ore than adequate o ff-lin e  programming fa c ilitie s . 
However, as has been previously s ta te d , the OS8 sy stem  is necessarily  
complex because of the comprehensive f ile  handling fa c ilit ie s  which i t  
provided. The u ser no t only has to  leam  the program m ing language 
b u t also has to  leam  the commands of a number of u til i ty  program s in 
o rder to  c rea te  source program s as f ile s  and m anipulate them .
The version of FORTRAN which is supported by 058 will allow quite 
large program s to  be run on a m ini-com puter system  when the  overlay 
fa c ility  is fully im plem ented. I ts  m ajor disadvantage is th a t  even sm all 
program s take of the order of ten  m inutes to  be compiled in to  an 
executable core image program  when using DEC tape as the m ass s to rage 
device. This process can be very tedious during the program  development 
s tag e  where large numbers of e rro rs  have to  be found and co rrec ted .
The main objective was th e re fo re  to  provide FOCAL w ith  simple 
b u t comprehensive f ile  handling capabilities in the fo rm  of a m onitor sy stem ._ 
The m onitor s tru c tu re  was adopted in order to  provide the system  
w ith  added flex ib ility . If the file  manipulation fa c ilit ie s  had b en im plem ented 
through d ire c t commands fro m  FOCAL, then each d if fe re n t version of FOCAL 
would have had to  have been saved on sep ara te  tapes which would have required 
loading each tim e a d if fe re n t version was required. A m onitor s tru c tu re  
however allowed d if fe re n t versions of FOCAL to  be saved as core images 
which could be loaded from  commands within the m onitor. This has the 
added advantage of allowing o th e r binary core: images of program s or data  
to  be handled, a fa c ility  useful to  u sers  wishing to  program  in assem bly 
code. I
The system  allows fo r  a fa irly  p rim itive  overlay s tru c tu re  which m u st 
be controlled  d irec tly  by the user. P rogram s have to  be developed in a 
m odular fo rm , each section  being loaded and executed a f t e r  the te rm ination  
o f a previous section. Although th is  appears to  be r a th e r  crude , i t  allows
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the  u ser to  make decisions a t  the end of each program  module. In cases 
where i t  is ex trem ely  d iff ic u lt to  program  complex logic, th is  can be 
advantageous since i t  m inim ises the possib ility  of taking wrong program  
paths.
8.5. Use of In te rp re tiv e  Program m ing System s
The selection  of any operating system  is essen tia lly  constrained 
by the type of com puter available and the applications fo r  which i t  is to  
be used.
I f ,  fo r  example, m ost of the program s to  be developed are  likely 
to  be "standard  modules" to  be used frequen tly  w ithout change, then a 
sy stem  is  req u ired  in which program  execution speeds are  rapid. The 
developm ent tim e in such a s itu a tio n  is only of m inor im portance. 
A lte rn a tiv e ly , in an environm ent where program s are  developed fo r  a 
specific  application, to  be used only a few tim e s , then development tim e 
should be made as sh o rt as possible. S im ilarly , where th e re  are  several 
u se rs  a ll wishing to  use th e  system  fo r  th e ir  own data  acquisition purposes , 
developm ent ti.m es should again be of prim e im portance.
In o rder to  make program  development tim es as sh o rt as possible, i t  
is  e sse n tia l to  provide a programming language w ith a simple b u t 
com prehensive syntax  and a system  which is easy to  operate . FOCAL and 
o th e r in te rp re tiv e  languages do in f a c t  provide th ese  requ irem ents. 
Subsequent experience w ith FORTRAN on an RSXIID/PDP-II re a l tim e 
operating system  has shown th a t  i t  can take considerably longer fo r  users 
to  become fam ilia r  w ith  the com piler based sy stem  and th a t  program  
developm ent tim es are  also f a r  g rea te r.
Hardware checking by d ire c t line execution is ano ther advantage which 
th e  in te rp re te r  has. In com piler based sy s tem s , i f  any hardware checking 
is  done, then sh o rt program s m u st be w ritte n  so as to  t e s t  the item .
8.6. Conclusions
The investigation  described in th is  th esis  d em o n stra tes  th a t  the use 
o f an in te rp re te r  based system  is feasible fo r  the  program m ing,by the u se r, 
o f re a l- tim e  applications. The advantages associa ted  w ith the flex ib ility  
of an in te rp re te r  a re  shown to  outweigh the disadvantages associated  with 
i t s  lim ited  speed of execution. W hilst some im provem ents in execution
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tim es  could be achieved by a re s tru c tu rin g  of the in te rp re te r ,  s ignificant 
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APPENDIX A.
Use of Real-Tim e FOCAL
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A .l  Introduction
During the  development of th e  extensions to  FOCAL to  
provide re a l- tim e  programming capab ilities, i t  was possible to  t e s t  m o st 
o f the input and ou tpu t routines fo r  logical e r ro rs  by using th e  d ire c t 
mode of operation available w ithin the  in te rp re tiv e  language. However, 
fo r  the  purpose of te s tin g  the sy stem  as a whole, f o r  tim in g  e r ro r s ,  
con tro l a lgorithm  operation, ease of use and o th e r d e fe c ts , i t  was necessary  
to  se le c t a sim ple b u t e ffec tiv e  experim ent fo r  in d irec t operation.
A.2. Equipm ent and Experim ental Procedure
The equipment used is i l lu s tra te d  in Fig. A .I. The h ea t exchanger/ 
cooling tow er equipm ent is generally used fo r  undergraduate teaching purposes.
The flow transducer F T l was of th e  p ropeller type providing a 
pulse t ra in ,  counted and displayed locally in te rm s  of pulses p er second.
The ou tpu t of the t r a n s m it te r  was also supplied as an input to  one of the 
input counter cards of the com puter in te rfa ce . )
The two tem p era tu re  tran sd u cers  T T l and TT2 were re s is ta n ce  
th e rm o m e te rs , the  ou tpu t being provided as a voltage signal fo r  a bridge 
netw ork and displayed locally. The voltage level s w ere also supplied as 
input to  the  analogue to  d ig ita l converter of the  com puter.
B oth  the s team  flow r a te  and the  w a te r  flow r a te  were controlled 
w ith au tom atic  diaphragm valves, VI and V2 respective ly , operated  by 
m an o sta t p ressu re  regulating devices. The m an o sta t device m aintains a 
co n stan t a ir  p ressu re  on the  diaphragm valve un til a req u est fo r  a change 
in position  is received from  the pulse width m odulation ou tpu t system  of 
th e  com puter. The p re ssu re  is then a lte red  in o rder to  change the valve 
position.
This equipm ent had been used during th e  in itia l t r ia ls  of FDYN 
in o rder to  t e s t  the  e ffec tiv en ess  of the  lead /lag  netw ork as a m ultipurpose 
con tro l algorithm . I t  had also been used to  t e s t  th e  logic of the PCI 
a lgorithm  used in the  FCON function. This previous experience w ith th e  
sy stem  had shown th a t  the flow m easurem ent was p a rticu la rly  "noisy"
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due to  quantization e r ro rs  and disturbances in flow p a tte rn . Also the con tro l 
of flow was sub jec t to  noise arising fro m  appreciable s fic tio n  and h y s te re s is  in 
the pneum atic diaphragm operated  contro l valve.
I t  was th e re fo re  decided th a t  an appropriate  t e s t  of the sy stem  
so ftw are  would be an on-line determ ination  of the  optimum p a ram ete rs  in the 
PCI algorithm  when used to  contro l the flow r a te  in the  h ea t exchanger.
As the  sy stem  was noisy, the e ffec tiv en ess  of various on-line search 
techniques could be evaluated in the  presence of p rocess noise.
A.3. Choice of Objective Functions
Any technique used fo r  the optim ization  of co n tro lle r se ttin g s  
requ ires th e  defin ition  of a perform ance c rite rio n . A sim ple m easure of 
perform ance fo r  feedback system s would be to  compare the magnitude and 
duration of e r ro rs  produced by a known disturbance. This can be achieved 
by in teg ra tin g  a su itab le  function of e r ro r  w ith  re sp e c t to  time.^^*
The following in teg ra l e r ro r  perform ance c r i te r ia  have been widely used in 
co n tro lle r optim ization  stud ies
1. In teg ra l of Absolute E rro r
2. In teg ra l of Squared E rro r
3. In teg ra l of Time and Absolute E rro r
The d ifferen ce  between these  c r i te r ia  lies in th e  weighting 
given to  the  magnitude or the  duration of e r ro rs  produced.
I t  was decided th a t  a s e t  point d isturbance would be the e a s ie s t 
m ethod to  im plem ent w ith th e  equipment available. In itia l experim ents 
showed th a t  of the th re e  above c r i te r ia ,  the  lAE was th e  le a s t  susceptible 
to  the  noise on the  input signal and th a t  a sim ple trapezo idal in teg ra tion  
of e r ro r  values was as e f fe c tiv e  and reproducible as any o th e r simple method 
of num erical in teg ra tion . I t  was also found th a t  the  d irection  of the  s tep  
change had l i t t l e  e f f e c t  upon the magnitude of the in teg ra l obtained.
I t  was th e re fo re  decided th a t  the optim um  contro l algorithm  
p a ra m e te r  fo r  the  flow contro l loop should be determ ined by using the lAE 
as an objective function in conjunction w ith trapezoidal e r ro r  in teg ra tion  fo r  
a s te p  change in s e t  point of 35% fu ll scale to  70% fu ll scale. A loop
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37scanning r a te  o£ 1 second was adopted and proved to  be adequate.
A.4. L a ttic e  Search Procedure
B efore proceeding to  a fully  au tom atic  d ire c t search  procedure 
i t  was thought necessary to  f i r s t  examine th e  response su rface  of the 
system . This entailed the  evaluation of th e  lAE fo r  various values of 
co n tro lle r gain and in teg ra l action tim e so as to  produce a contour map 
of the  response su rface  in the region o f th e  optimum.
This la t t ic e  search  procedure is  in e f f e c t  a p a t te rn  search 
procedure (see la te r)  requiring the evaluation of the  objective function a t  
various regular la t t ic e  points on the response su rface  of the  con tro l loop.
I t  involved numerous function evaluation b u t proved to  be very usefu l in the 
l a t t e r  s tages of th is  p ro jec t when the approach of the on-1 ine search  
procedure tow ards the optimum could be observed.
Figs. A2 and A3 are  the program  and associa ted  flow sheetc 
developed to  perfo rm  the  la t t ic e  search  A t each se lected  la t t ic e  point, 
a se rie s  of experim ents were perfo rm ed , evaluating the LAE fo r  the 
p a r tic u la r  s tep  change in s e t  point in bo th  upwards and downwards d irections. 
When th e  required number of experim ents had been com pleted a t  the chosen 
la t t ic e  poin t, the mean and standard  deviations w ere computed and logged 
f o r  bo th  d irections of s e t  point change. This procedure was then repeated  
a t  various o ther points over the region of th e  response su rface  surrounding 
th e  optimum so th a t  a contour map could be produced.
Fig.A4 gives a b r ie f  descrip tion of the operation of the program .
A .5. R esults
Figs.A 5 to  A7 show the re su lts  obtained fo r  an upward change 
in s e t  point as p lo ts  of proportional band. The s tandard  deviations a t  the 
various la t t ic e  points are  also  expressed on th ese  diagram s and serve the 
purpose of showing how the  lAE value was a f fe c te d  by the noise on the  input 
signal.
The proportional band (PB) in th e  re s u l t  was re la ted  to  the 
con tro l loop gain fa c to r  in th e  FCON function
S Z = FCON (L, SP , IT , SC , KG , CO)
by KG = 100
PB
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As the loop scan r a te  had been fixed a t  1 second, the  in teg ra l 
action tim e was expressed in seconds.
Fig.A8 shows the re su lts  expressed as a contour map of LAE 
values fo r  variation in in teg ra l action tim e and proportional band. This
p a rtic u la r  figure showed th a t  the optimum was located  w ithin a long
narrow  valley which could make i t  d iff ic u lt to  loca te  w ith an on-line 
search  procedure, particu la rly  when the sy stem  was also sub jec t to  
noise. However i t  would provide a su itab le  t e s t  in o rder to  determ ine 
any lim ita tio n  in the com puter operating sy stem  and to  provide experience 
as to  the m o st e ff ic ie n t ways of using the  system .
A .6. On-Line Search Procedures
On-line search  techniques can be divided in to  th ree  main 
categories :-
1. G radient search  techniques in which the selection  
of the next point is determ ined on the basis  
of the local gradients of the response su rface  
in the region of in te re s t .  .
2. P a tte rn  search  techniques in which th e  selection
o f the next point is based upon some pre-determ ined  
p a tte rn . L a ttic e  searches belong to  th is  class of 
techniques.
3. Random search techniques in which the  selection  of
the next point is random w ithin the given area  of 
in te re s t .
EDLER e t  al ^ suggested th a t  in the presence of process noise, 
random search  techniques were m ore e ffe c tiv e  than p a tte rn  or gradient 
search  techniques and were particu la rly  easy to  im plem ent.
G radient search techniques described in re fe ren ce  67 were only 
e ffe c tiv e  in the s itua tion  of l i t t l e  or no process noise. They also required 
the  evaluation of p a rtia l derivatives a t  each new po in t, thereby increasing 
th e  com putational load.
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For p rocesses w ith a lim ited  num ber of contro lled  input 
variables a ’Sim plex" p a tte rn  search  technique was suggested to  be 
e ffe c tiv e  even w ith appreciable noise. They also had the  added advantage 
of being easily im plem ented, requiring only the  evaluation o f one new 
point per cycle as in the  random search.
Having already determ ined the n a tu re  of the  response su rface  
in the  region of the optimum and observed th a t  the  main problem s were 
noise and dim ensionality ra th e r  than ridges and m ultiple optim a, i t  was 
decided th a t  im plem entation of a "Simplex" search  and a random search  
would provide a su itab le  t e s t  of the  sy stem  so ftw are .
Aj.6.1. Simplex Search Procedure
A Simplex search procedure is a p a tte rn  search  which takes a 
regu lar geom etric figu re  as i t s  basis . In the case of two independent 
variab les, th is  geom etric  figure is an equ ila tera l triang le . Experim ents 
a re  perform ed such th a t  the objective function is evaluated a t  the points 
form ed by the v e rtic e s  of the  geom etric  figure . A f te r  the in itia l 
Simplex has been generated , the search  proceeds in the  following m anner
1. So as to  m aintain the  geom etric  f ig u re , the  new
v ertex  is se lected  as a re f le c te d  point in the 
opposite side o f th e  figure.
2. A v e rtex  is re jec ted  if  i t  produces an in fe rio r
value of the objective function  when compared 
w ith  the  value of the  objective function a t  the 
o th e r  v e rtic e s .
3. No re tu rn  can be made to  a point which has ju s t
been re jec ted . This p a rtic u la r  ru le is necessary  
so as to  avoid the possib ility  of th e  Simplex 
oscilla ting  betw een two v e rtic e s . In th ese  
circums tances the second w o rs t v e rtex  is 
re jec ted .
4. I f  a v e rtex  rem ains unchanged fo r  several experim ents,
th e  s tep  size of th e  Simplex is  reduced and the 
search  continued. The search  is te rm in a ted  when 
th e  s te p  size has been reduced to  an e x te n t whereby
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th e  optimum has been located  to  th e  required 
degree of accuracy.
A regu lar geom etric figu re  can only be obtained i f  changes 
in th e  independent variables produce s im ila r changes in th e  value of the 
objective function. T herefo re  when s ta r t in g  the  Simplex search , i t  is 
n ecessary  to  examine the  local g radients in th e  region of the  s ta r tin g  
point in o rd er to  f ix  the  dimensions of the  Simplex and e ffec tiv e ly  
scale th e  independent variables.
F o r a two dimensional search , 68, recom m ends th e  v e rtic e s  
shown in Fig.A. 17.
The new v e rtex  can be obtained in th e  following m anner 
assum ing th a t  (x, y , ) is the re jec ted  point and (X4 ,y 4 ) will be the new 
vertex .
X4 = X3 + X2 - XI
y4 = ys + y2 “ yi
thereby  producing the v e rtex  as a re fle c te d  p o in t in the opposite side.
Figs. 9 - 1 0  show the program  and associa ted  flow sheets 
developed to  p e rfo rm  the Simplex search  procedure. A t each se lected  
v e r te x , a single experim ent was perform ed to  determ ine the lAE fo r  a 
s te p  change of 35% to  70% fu ll scale. Fig.A.11 gives a b r ie f  descrip tion  
of the  operation  of th e  program .
A. 6.1.1. R esu lts
Fig.A.12 shows the re su lts  obtained from  two such simplex 
sea rch es , p lo tted  on the  contour map determ ined by the la t t ic e  search  
procedure. B oth the  searches shown eventually te rm in a ted  within the  
a rea  found to  be the optim um  fo r  the objective function and s tep  change
chosen. These two s e ts  of re su lts  a re  p articu la rly  in te re s tin g  as they
show the  e f f e c t  of the process noise upon the sy s tem , both  searches 
being s ta r te d  under iden tical conditions. Search 1. was in itia lly  se n t in 
th e  wrong d irection  and took a long tim e to  re tu rn  to  the  c o rre c t d irection  
and eventually lo ca te  the  optimum value.
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O th e r searches perform ed fro m  d if fe re n t s ta r t in g  points w ith 
d if fe re n t s te p  lengths also te rm in a ted  w ithin the region of th e  optimum 
b u t like the  two searches i l lu s tra te d , took various d irections and numbers 
of function evaluations to  do so.
A.6.2. Random Search Procedure
A sim ple random search  procedure of the fo rm  described in 
re fe ren ce  69 was im plem ented. From  a s ta r t in g  point of (xi , yi) the 
objective function is determ ined a t  points (xi + dx Rx , Yi + dy Ry) where 
dx and dy a r e  maximum s te p  lengths allowed, and Rx and Ry a re  random 
num bers in th e  range -1 <R  <+ 1. W herever a point (x£ + i  , Vi + l)  is 
reached a t  which th e  response is b e t t e r ,  (in th is  p a rtic u la r  case a sm aller 
value of th e  LAE) then the response a t  the  point (xi ; yi), th e  point 
(xi + 1 , y i + i )  is taken as the  new s ta r t in g  point of the  search.
The search  proceeds u n til no b e t t e r  response is located  within 
a p redeterm ined number of a t te m p ts . A t such a po in t, the  objective 
function  is  redeterm ined  and the  search  continues fo r  another cycle. This 
added condition avoids the possib ility  of obtaining a fa lse  minima due to  
noises.  ^ )
Figs. A13 and A14 show the program  and associa ted  flow sheets 
developed to  p e rfo rm  the  search  procedure. Fig.AlS gives a b rie f  
descrip tion  of the program .
A.6.2.1. R esu lts
Fig.A16 shows the in itia l s tag es  of two random searches p lo tted  
upon the  contour map determ ined by the  la t t ic e  search  procedure. Both the  
il lu s tra te d  searches eventually te rm in a ted  within th e  region, of the. optimum 
as did o th e r searches perform ed fro m  d if fe re n t s ta r t in g  points w ith 
d if fe re n t s te p  sizes.
A. 6.3. Conclusions
W ith regard  to  the  search  procedures, the lim ited  number of 
experim ents perform ed seemed to  confirm  the suggestion th a t  the random 
search  procedure was as e f fe c tiv e , if  n o t m ore so , than th e  p a tte rn  search 
m ethod of the simplex procedure.
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Both m ethods adopted w ere easily  im plem ented although the 
random search  techniques required slightly  le ss  e f f o r t  than did the 
Simplex search  technique.
With regard  to  the operation of the  Real-T im e FOCAL sy stem , 
no adverse perform ance was d e tec ted  during the e?q>eriments which were 
perform ed.
The tim ing loop s tru c tu re  adopted in the development of the 
Real-T im e FOCAL operating sy stem  coped adequately w ith the 
com putational loads involved. In sim ple t e s t s  run during the optim ization 
experim ents no skipping of sampling tim e was de tec ted . A dm ittedly, 
scan r a te s  of 1 second w ere being used fo r  m o st of the  tim e b u t these  
w ere adequate fo r  the system  chosen.
The FCON contro l function  and associated  in te rru p t driven 
ou tpu t system  also proved s a tis fa c to ry  in operation.
The debugging and editing fa c ilitie s  available w ithin the FOCAL 
language proved to  be m o st u sefu l, p articu la rly  in program  development, 
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Entry
' ’Set program param eters
Set lower s e t  poin ty  s e t  GO FLAG to  -1 
and s e t up elapsed time counter
  - ■ ^----------------------------
I s  1 second scan f la g  s e t  y e t
CONTROL
-1
’’Have 10 secs elapsed  
since l a s t  s e t t in g  
of time counter
yes
r S e t  GO FLAG to  0
' I s  the measured value = s e t  po in t







' I s  s e t  p o in t a t  lower value
yes
Set upper s e t p o in t
no
Set lower s e t  po in t
Set GO FLAG to  +1




Increm ent p o in t counter and se t 
e r ro r  value
I s  i t  th e  f i r s t  po in t
yes no
Set i n i t i a l  value of 
in te g ra l
G reater than  80 p o in ts  y e t
no
Return
Has system lin e d  out y e t
no yes
Complete in te g ra l , lo g  the value and 
increm ent t r i a l  number '
S ig n ify
in s t a b i l i t y to
in te g ra l
Have th e  req u ired  number of t r i a l s  
been completedReturn
yesno
Compute the mean and standard  d ev ia tio n  










'Read in  measured value
I s  i t  w ith in  dead zone
no yes
Set th e  measured value = s e t  po in t





I s  PB g re a te r  than  6
yesno
I R eset in te g ra l  a c tio n  time to  i n i t i a l  valueIn c rease  IT by 
0.1
Decrement p ro p o rtio n a l band by 5





Lines 1«01 to  1.09
Function
C onversational mode o f  inpu t fo r  
I>rogram i n i t i e l i z a t i o n ,  a lso  
provides a hard copy log  o f system 
param eters
Lines 1.11 to  1,16 C learing  of counters and f la g s
Lines 1,20 to  1,23 Timing loop fo r  program synchronization
Line 1.25 DO subroutine c a l l  f o r  I/O functions 
see group 6
Lines 1.27 to  1,62 Performs the  lo g ic a l  operations o f the 
program, deciding upon the  next operation  
req u ired
Group 2
Lines 3,01 to  3,34
Computation o f standard  d ev ia tio n s
' f
T rapezoidal in te g ra t io n , l in e  out t e s t  
and in s t a b i l i t y  e x it
Lines 3,40 to  3»48 Completion of e r ro r  in te g ra tio n , 
logging r e s u l ts  and r e s e t  of f la g s  and 
counters fo r  next attem pt. Also t e s t s  
f o r  completion of s e t  number of 
experiments
Lines 3*50 to  3.64 Computation of mean and standai'd 
d ev ia tio n  fo r  upv/ard s tep  changes and 
downward s tep  changes. Logging r e s u l ts  
fo r  th e  se t of experim ents
Line 3*66 DO su b ro u tin e* ca ll to  s e le c t  a new 
l a t t i c e  p o in t
Figure A4, D escrip tion  o f  L a ttice  Search Program
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Program Section  
Lines 3o68 to  3»70
Function
R eset counters and re tu rn  fo r  lo g ic a l  
operations
Group 6 Data inpu t and output using new 
FOCAL functions
Group 8 Pre-program i n i t i a l i z a t i o n  o f u se r 
scan f la g s
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E ntry
------------- »-------------- ------ y
no
no
T est fo r  s e t t l in g
• In i t ia l iz a t io n  o f system param eters 
'SIMPLEX
I s  tim ing f la g  s e t  y e t 
yes
CONTROL
Had system s e t t le d  a t the lower s e t  po in t 





' Read in  measured value
I s  i t  w ith in  dead zone
no yes
Set the  measured value = s e t po in t
Use FCON fo r  co n tro l
Return




/ — ' >
no
;
w ait fo r  s e t t l in g
SETTLING
Set up s ta r t in g  p o in t and approximate s ize  
of simplex
I s  tim ing f la g  s e t
yes
vGONTROL
'T e s t  s ta tu s  f la g
in te g ra tin g
tlNTEGRATE
1^ s t
' Save value of i 
in te g ra l  and se t 
v a ria b le s  fo r  
2nd po in t
2nd
"Save value of 
in te g ra l  and s e t  
v a riab le s  fo r 
3rd po in t
no
Reset param eters 
’fo r  3rd p o in t
C
in te g ra tio n  complete 
j 1 st,2 n d  or 3rd po in t
3rd
f ■
Was in te g ra l  fo r  3rd 
p o in t about the  same 
as fo r  second po in t
yes
Set up param eters 
fo r  the th ree  
p o in ts  of the 
Simplex
Return
Figure A l O o  Continued
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SETTLING
Group 3 E ntry
I s  measured value = se t po in t
no yes
Increm ent l in e  out counter
Increment t r i a l  counter
re s e t  l in e  out counter I s  value of counter > 1 0
I s  t r i a l  counter >100 noyes
Returnyesno
R eset counters
put s e t  po in t to  high value
and s e t  go f la g
Return
Return
Give e r ro r  message and r e s e t  l in e -o u t and t r i a l  counters
Was system s e t t in g  up simplex
yes no
"Set new sum to  a maximumAsk
new
s ta r t
Increm ent minimum in te g ra l  counter
QUIT
W ill new po in t be re je c te d  in s ta n t ly
no yes






S ort out p r io r i ty  of the  th re e  values of 
the  o b jec tiv e  fu n c tio n
7------- *------7-------- --------- * \------ »------- -
i>2>5 1>>2 2>1=3 2;^3M 3^1 =^2 3?2?1
' S^t Set Set ' Set ' Set ' Set
A=t A=1 A=2 A=2 A=3 A-3
B=2 B=3 B=1 B=3 B=1 B=2
C=3 C=2 C=3 C=1 C=2 C=1
V------- ------- -^----- >■ L— *-------- t -y -, V1
^  Return ^
SELECT 
Group 11 C E ntry
Save param eters of p o in t to  be re je c te d
"S e lec t values fo r  new v e rtex
 ^Set up low value of s e t  p o in t and 











S ig n ify  in s t a b i l i ty
T est fo r  s t a r t  or 
in  progress
S ta r t
Ask fo r  new




Set SM(a) to  max -A.
Increment po in t counter and s e t e r ro r  value
I s  th is  the  f i r s t  p o in t
no
Has number of po in ts exceeded s e t  maximum
no
I s  e rro r  w ith in  dead zone
yes
Set error=0 
increment l in e -o u t 
counter and t e s t
lin ed  out
no
R eset l in e -o u t counter
not lin ^ d  out
Add e i r o r  to  in te g ra l
Return
Complete in te g ra l  and log r e s u l ts






s t a r t
'"Get new values and 




' ’I s  the  optimum of th i s  cycle th e  same as optimum 
Of the l a s t  cycle
r—  no
no
Save coord inates of 
new optimum
no
W ill r e je c te d  v ertex  be 
the  same as l a s t  time
yes
'A lte r  p r io r i ty  to  avoid 





Has i t  been the optimum fo r  
the  l a s t  12 cycles
yes
1'Halve the s tep  len g th  
r e s e t  f la g s  and counters 





Lines 1*01 to  1©09
Function
C onversational mode o f inpu t fo r  
program i n i t i a l i z a t i o n  and to  provide 
a hard copy log o f system param eters
Lines 1.10 to  1.12 R eset o f f la g s  and counters
Line 1.13 DO sub rou tine  c a l l  to  group 2 fo r  
s e t t in g  up the i n i t i a l  Simplex
L ines' 1.15 to  1.52 Timing and sequence co n tro l of system
Group 2 Simplex i n i t i a l i z a t i o n  by examination 
o f lo c a l  g rad ien ts
Group 3 Lower s e t  p o in t l in e  out te s t in g  
and i n s t a b i l i t y  e x i t
Group 4 Grading o f O bjective Function values 
fo r  v e rtex  r e je c t io n  proceedure
Group 6 
Group 8
Data in p u t and c o n tro l
Pre-program in i t i a l i z a t io n  of u ser 
scan f la g s
Group 10 
Group 11
E rro r in te g ra tio n  ro u tin e
New v ertex  s e le c tio n  procedure





<EOJ »• •s 4—4
o. es ;
c; X c; II «»
u . 3 XX c X
H «■• X z CO
#, •> z c: 44» Q
•v O H CO CD II, es ZHH C D Z d. II CE
O 0, z X% CO H J) o CO
CO c/j X Z <t X X
CO K Z t—t z X LO O
u. X o o ••4 X
a: c i i h-4 X # 1 4# X
G c X o II ;








Pu X CJ —
w o X CO 4
u: z X X es H
z z <î 'X CO II es Z
z <I o Z z G Z'» s II
c .T N' <~i •\ X II —4 (S CO Z-V OV y. C U, X <1 «.• 1 CV • es X











o X c z z t—1 CJ CO 30 o LO
k u. H % CO X CJ Wl CO 2
Z z 3 •» t-* Z H z <1 • •> es • -—4 LO X II
O CJ Z' O X o CO o. LO LO *—4 CTj 4\ X" 2 CO z <c X • n »-4 ex • •> **v 2 es X GJ#\ o  H o es II • LO CO —4 es II o CV
0\ CJ X CI .X r II X —4 •V CO + • + CV /4\ X.-1 <i: X t - X CJ CO /-N lO • /■s 4—4 /-\ • •2 CJ
GJ " X j> H z CJ o X 2 CO 4-4 Q /-V 2 —4 4-4 X CJ
a . X X u. o <z X <n 00 • «4 4-4 CV /■s <x
J! c a. X lO CJ X w • % •—4 CV s \_4 es e j eo 3
<r n z H X X CO CJ a: 'w- CO CJ 4-4 u —4 CJ P-. *4, X
o CJ :J Z X <x X CJ ■X X 2 « CJ 1 CJ 1 X 2
z < <z X z: II s X CO 4-4 II II X X II
u. ( - wy ir. 3 OJ s • (S es • •t ce /4\
j ) 0. z H X Q CJ 4—4 CO (S e CV X S X
V) X o <x X V! Z cc ,—4 c: SI /'S V_, es rr 2 2 ■-0 —, X
u z o o Z z z c: <z V-/ II II X CO s X 1 CJ CJ II II CO 2 CO 1
O X CO CC X IP X • • >J V! o CJ' CJ CJ X X * C.: •—4
[L X •X X '—4 vj CJ CJ X X •—1 3 —4 es
Z
cVi <1 < c: C H < <r E— CO CO CO CJ 4—4 X 4—4 CO in CO CJ o X CO »—1
CO
—1 CO in >- C\J CO LO O' X CO lO X es CV. CO LO vD X CV es CV 2 CV <T
es es o —• —* —• —* «— —• CO CO CO CO CO CO CO CO CO CO •Ni <r LO LO •30 30
'^ 0 • • • • • • * • • • • • • • • • • • • • « • . • • , #
1 •—• —» —• —< —>—< #—4 •-H —4 — 4 —4 4-4 y—# —, •—1 —4 «—« ■—4




Wi û î/i o  



































O •V #«\ CO
CJ 2 #\ X
uo CO X CO
Q II T—4 1
• H X
vO *-4 CV U4 \_ z
«4 V -/ CO X
X X •V X
1 CO in z <E
Z”S •k X 2
CJ X X COH II 2 2 UO
X ) •* X w 2 COX • X
u 1 X 2 0 — 4 • « 3 *
X — 4 CO • 3 3 •—1 X
z II CJ •  4, Ov 4-4 + X +
2 X ) o / 'N < — 4 / - s 3 X H CJ z
4—4 X X CJ — 4 - 1 2 + 3  X 1 1 2 1 CV] CO
X <E COUL, X II 3 1 II 2 VI 2 II 0 X II
II X II II X II H II •—4 Z 3 0 C II f-4 X • s
X X NI COV 0 3 CO X CJ V-4 3 CO
CO COCO;r COCOa X CO CO 0 : COX 4—4 2 CO
COlO o - - 4 COlO 2 - 4 COuo 2 X CO < T VÛ 3 0 OJ
2 2 2 ' S 2 2 2 2 X 2 2 2 2 — 4 — 4 — 4 — 4 •—4 —VX
e • # • • • •
Vp vû vD vû vû CC 3 0 3 0 3 0 3 3 3 3 3 3 3 3 3 3 3


























X  Z  







































X X X O CL Z 3 U- #—4
X X X Z eu D •s X <1; /'v X
% X X II Z CV3 2 H X
•4 " 3 **\ d. /'v 3 • H — 4 f-4 *
cr> 04 ■I4 2 Z • 3 c/j v_/ II Z
• H Z ou Z — 4 3 /'V ai CL H <c
X f-4 2 >: \ X v_. s X 0, O, — 4 X X
CV] 3 1 2 Z CL 1 II Z 2 X 2
X «\ • X 2 < iL X 2 c X rv X <t t •X •
•  • CJ X 3 —4 .-4 CI: <I — 4 < 2 X — 4 — 4
X < \_y II LO V,/ CV 2 X — 4 CL r-t
•—1 M 2 /s CJ l'i. 4«S CL II 4 + •>
X vû' vû 2 4—4 0 Z K CL CL CL — 4 /-s UOCL
X X •« • —4 LÏJ </l Z 1 Z iL X 3 2 2 fL
di 3 + X 3 V—>.—4 X X II 0 0 J: • 3 • 3
<o: /-\ T. X r \ Z + «s z rv 2 + X X —4 w — 4 2
X X X X X Z 2 X «» 2 X CV2 • •s CL —4 3 4—4 2
LO X 2' 2 vû X y . X 2 1 z 2 •—4 X V/ V C/j 2 vû X Z'' — 4
Z 1 II • VÛ II 1 II 3 S II II « II • 4Û <r c. II et il —« II vû II u. II H II
3 3 —4 # z X .—* * X z '—40, X Z • X X 0 -J C —• Z • û. LUX
: w 3 X : X 3 z 3 —• X 2 X 3 V : NI *"• Z 3 CL X
H f—1X C vj X X -4 X X •- X X Q X X E-4 X 2 X X H 0 X h4 X 2 X X X
2 OJ <r vû X 2 X c vû 2 —, C X vû X S CV<3’ X X X 2 — 4 CVX X #—4 X X 3 X
COX X X X X X X X X vû vû vû X vû vû 3 3 3 X X X 3 3 3 3 3 3 2 2 2 2 2
• • • • * • • • •
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3 3 3 — 4 — 4 — 4 4—4 4—e
















R eset counters and 
se t GO FLAG to  +1
no
I n i t i a l i z e  '
I s  scan f la g  s e t
yes 
rCONTROL 
rT est GO FLAG 
-1
Has system lin ed  out a t  low s e t  p o in t 
no
Has i t  had more than 100 cycles
f
yes
S ig n ify  i n s ta b i l i ty  
SELECT
Figure Ally, Flowsheet o f  Random Search Program \
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CONTROL 
Group 6 E ntry
Read in  measured value
I s  i t  w ith in  dead zone
no yes
''S e t the  measured value = s e t  poin t




'Add a random v a ria b le  to  p ro p o rtio n a l band
'"Is new value g re a te r  than 0
no
yes
TAdd a random v a riab le  to  in te g ra l  ac tio n  
time







Increm ent p o in ts  coun ter and 
determ ine e r ro r  value
'T e s t  fo r  f i r s t  po in t
not f i r s tf i r s t
Have th e re  been more than 80 p o in tsS ta r t  in te g ra l
Return noyes
I s  e r ro r  w ith in  dead zone
yesno
Set e r ro r  = 0  and increm ent l in e -o u t 
counter
'S e t l in e -o u t
counter=0
Has system lin ed  out
yesno
F in ish  in te g ra l  and log cond itions"Add e r ro r  to  
in te g ra l
I s  th i s  the  f i r s t  experiment
Return
noyes
I s  th is  in te g ra l  le s s  than  l a s t  
sm alles t in te g ra l
noyes
Log co n d itio n s ,sav e  values 
s e t  b e s t in te g ra l  counter = 0
Increment b es t in te g ra l  counter
Figure AiL. Continued
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I s  b e s t in te g ra l  counter g re a te r  than  13
no yes
•SELECT S ign ify  end of cycle
'R ese t param eters I s  th e  minimum in te g ra l  of th i s  cycle 
a t  the  same po in t as the  l a s t  cycle
R eturn
yesno
Has th is  been the  minimum fo r  3 cyclesSave th is  po in t
R eset counter yesno
R eset param eters
QuitReturn
S ig n ify  i n s t a b i l i t y
I s  th i s  th e  f i r s t  experiment
yesno
SELECT




Program S ection  
Lines 4.01 to  1,17






I n i t i a l i z a t i o n  o f system param eters
Timing con tro l,seq u en c in g  and low 
s e t  p o in t e r ro r  d e tec tio n
Data in p u t and c o n tro l
Pre-program in i t i a l i z a t i o n  o f u ser 
scan f la g s
E rro r in te g ra tio n  ro u tin e
S e lec tio n  of o p era ting  po in t fo r  
next t r i a l

































E f fe c ts  o£ E rro rs  in Timing upon the design 
considerations of a Real-Tim e O perating System
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B .l. Methods of Providing Synchronous Scanning F ac ilitie s
The s tru c tu re  of a Real-Tim e O perating System  will be dependent 
to  a large ex ten t upon the  accuracy required of a synchronous sampling 
scheme.
If  a high degree of accuracy in synchronous tim ing was required, 
i t  would be im perative fo r  a ll peripheral devices to  be driven by the clock 
rou tines within the in te rru p t processor. This would requ ire  handlers fo r  
all peripheral devices to  be available fo r  use by the in te rru p t processor.
The simple approach could be adopted, whereby all available devices were 
serv iced , however th is  would lead to  excessive tim ing overheads within the 
in te rru p t processor. I t  would th e re fo re  be necessary  to  allow u se rs  to  
specify which p a rtic u la r  devices w ere to  be used within his program  so th a t  
only those device handlers actually  required  would be ac tiv a ted .
Input fro m  and output to  peripheral devices would have to  be 
b u ffe red  in data  tab les  which could be accessed by o r loaded fro m  commands . 
available to  the u ser in the  high level language. The da ta  tab le  type s tru c tu re  
is un fo rtunate ly  in e ffic ien t w ith re sp e c t to  core usage ^as th e  sam e amount 
o f core needs to  be allocated irre sp ec tiv e  of the number of peripheral devices 
being used. In a m inicom puter environm ent where core space is very lim ited , 
peripheral device data  tab les would have to  be r e s tr ic te d  in length  thereby 
reducing th e  number of devices which could be used.
In o rder to  provide synchronous data  processing fa c i l i t ie s ,  which 
m u st be available fo r  calculation of con tro l ou tputs of various s o r t s , i t
L
would be necessary  to  provide so ftw are  flags. These so ftw are  flags would 
have to  be accessible fro m  commands o r functions in the  high level language 
so th a t  a u ser would ensure th a t  his d a ta  processing proceeded in synchronism 
w ith  da ta  input and output.
The above approach would ensure th a t  e r ro rs  in tim ing of input and 
ou tpu t were reduced to  a minimum level. However i t  wo uld also impose severe 
lim ita tio n s  as to  the number of peripheral devices which could be used and i t  
would be p re fe rab le  i f  a m ore flexible approach could be adopted.
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An a lte rn a tiv e  to  th e  above procedure would be to  s e t  a so ftw are  
clock flag  within the  in te r ru p t p rocesso r which could be in te rro g a ted  by a 
u se r fro m  a command available within th e  high level language. If the flag  
was found in the s e t  condition the  u ser could then access the required 
peripheral devices fro m  fu r th e r  commands available w ithin the  high level 
language.
This approach would avoid the n ecessity  fo r  using tab le  driven 
peripheral devices thereby  extending the  number of peripheral devices 'vhich 
could be made available. I t  does however possess a severe disadvantage in 
th a t  tim ing e r ro rs  can occur.
B.2. Types of Timing E rro rs
A program  sequence s im ilar to  th a t  shown below would be necessary  
in o rder to  s e t  up a synchronous sampling scheme,






I/O ta sk s  and
synchronous
com putation
10.mm G 10.01 ) R eturn  to  waiting
) loop fo r  next 
) sampling period
This would apply to  e ith e r  m ethod b u t in th e  f i r s t  method input 
ou tpu t commands would m erely  be accessing data  tab les  w hereas in the  
l a t t e r  m ethod the commands would acceys^ peripheral devices d irectly .
Two types o f tim ing e r ro rs  could be incurred  w ith such a 
sampling sy stem :- —>
1. I f  the  com putational load w ithin the  sampling loop is too g re a t ,
a com plete sampling period could be o n \itted  a t  some stage . 
This p a r tic u la r  e r ro r  can occur irre sp ec tiv e  of the  sampling 
procedure adopted.
2. As i t  takes a f in ite  tim e to  a ssess  w hether the  tim ing flag  is
s e t  a random e r ro r  in sampling tim e w ill occur. The length 
of th is  p a r tic u la r  sampling e r ro r  will be betw een 0 seconds 
and the tim e taken fo r  th e  execution of the  two s ta te m e n ts
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w ithin the  synchronizing w aiting loop. In the  above 
example th is  could be as high as 10 m seconds.
In th e  case of all p eripheral devices 
being driven fro m  the in te rru p t p ro cesso r th is  
p a rtic u la r  type o f tim ing e r ro r  will no t occur as 
the flag  is only used fo r  synchronizing the processing 
of data . However in the a lte rn a tiv e  procedure where 
da ta  input and ou tpu t is also controlled  by the  f la g , 
th is  e r ro r  will always occur.
F ig .B .l shows a d iag ram atic  rep re sen ta tio n  
o f such a sampling scheme.
B efore deciding upon which of the  two sampling procedures to  
adopt, i t  was necessary  to  consider the  e f f e c ts  caused by th e  above types 
o f sampling e r ro rs .
B.2.1. E f fe c ts  produced by m issing a com plete sampling period
I t  is possible to  avoid th is  type of e r ro r  by ensuring th a t  the 
com putational requ irem ents of a sampling cycle do n o t exceed th e  period 
of the sampling cycle. This type of sampling e r ro r  is th e re fo re  of l i t t l e  
im portance. However th e re  is s t i l l  a possib ility  of i t  occurring and i t  
would be advantageous to  know the e f fe c ts  i t  would have upon a system .
Dannenberg and Mels a (70) have studied  th e  e f f e c ts  of m issing 
a com plete sampling cycle in a s itu a tio n  where a tim e  shared com puter is
being used fo r  con tro l and da ta  processing. They concluded th a t  i t  is
<
possible to  occasionally skip a sampling cycle w ith  l i t t l e  d e tr im e n t to  the  
s ta b ili ty  of the  system .
B.2.2. E f fe c ts  produced by random e rro rs  in sampling tim e s .
"T itte r Sampling"
This type of process has been studied by AKAIKE (71) in order to  
determ ine the  e f fe c ts  of such tim ing e r ro rs  on the  Power sp e c tra  of 
sampled signals.
F or th e  process shown in F ig .B .l. where the sampling tim e Tn 
is re la te d  to  the  sampling period A t by the  equation
Tn = n A t + e ^
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Where e^ is the e r ro r  in sampling tim e a t  the n sampling 
in s ta n t and is one of the s e t  of independent random variables from  the 
same probability d istribu tion ,
AKAIKE has estab lished  the following re la tionsh ip  between the 
tru e  and aliased power sp e c tra  of a j i t t e r  sampled s ig n a l
p tO )  -  i ^ ( f )  Ia .P a Cî ) + A f c . r o - i # c f ) i ^ )  p q ‘) JÇ '
where
. FtCf) is  the true power spectra  o f the process
) is the  aliased power sp e c tra  caused by periodic 
sampling (B3)
^  (f) is the c h a ra c te r is tic  function o f the probability density  
function g (e) of the deria tion  in sampling 
in te rv a ls
^  ( j )  ZL ^  ea:p 
and I ^  O'M a is  the aliased version o f
According to  AKAIKE th is  can be in te rp re te d  as a w hite noise source 
of magnitude ^  I | ^ w ith a f il te re d
version of the original p rocess , the t r a n s f e r  function  of the f i l t e r  
being '
F or no tim ing e r ro r s ,  the re la tio n sh ip  reduces to
p.m =
indicating th a t  the sampling process causes aliasing o f the  original x (t) 
signal.
When tim ing e r ro rs  occur
I 1^ <  I f o r  f  ^  O
1 J c ^ ) (  cz. o  ^
Thus concluding th a t  th is  p a rtic u la r  tim e sampling process a c ts  as a low 
pass f i l t e r ,  the  power which was p resen t in the  h igher frequency components 
of the signal being tra n s fe rre d  in to  the  w hite noise e f fe c ts .
The e f fe c ts  of j i t t e r  in sampling in te rva ls  is th e re fo re  to  d is to r t  
any high frequency components of a signal and can th e re fo re  be minimized 
by selecting  a sampling r a te  which is significantly  g re a te r  than the h ighest 
frequency component p resen t in the signal.
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B3. Simulation Studies
A sim ulation study was carried  ou t so as to  obtain q u an tita tiv e  
da ta  on the e f fe c ts  th a t  j i t t e r  sampling would have on signal recovery 
and w hether i t  would make the use of an in te r ru p t driven sy stem  
essen tia l. Sim ulation program s were w ritte n  in FORTRAN IV and 
compiled and executed on an I.C.L. sy stem  4.50.
The m ethods adopted involved the generation of data as i f  a 
sinusoidal signal had been sampled w ith j i t t e r  sampling procedure and 
then to  analyse the da ta .
a. by a ttem p tin g  to  recover the  signal fro m  the  sampled
data  using a le a s t  squares f i t t in g  technique of a 
simple model and assuming th a t  the d a ta  came fro m  an 
equispaced sampling procedure.
b. by evaluating and examining the  power spec trum  of the
sampled d a ta  using a m ethod fo r  equispaced data.
B.3.1. D ata Generation
In the type of sampling system  envisaged, th e  actual sampling 
tim e will always be la te r  than o r the same as the expected sampling 
tim e. The deviation betw een ac tu a l and expected sampling tim es will 
vary betw een 0 and some maximum value w ith all values being equally 
likely. Fig.B.2.
To sim plify m a t t e r s , i t  was decided th a t  the original continuous 
signal should be a single sinusoidal function of the fo rm .
y = sin (W Q t)  
where W ^ is the angular frequency of the signal 
sampled da ta  was generated  in the  fo rm  
yn = s i n W o ( t „  + e „ )
where
t^ i s  the expected sampling tim e
en is the  deviation between ac tua l and expected sam pling tim e and 
is  of the fo rm
en =• m  r  n
where r  n is a random number in the range 0 to  1, the probability 
d istrib u tio n  function of the r  ^ s was uniform  so th a t  all 
num bers in the range 0 to  1 were equally likely.
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m is  a scaling fa c to r  so th a t  the maximum value of the  random 
deviation may be varied as a f ra c tio n  of the nominal 
sampling period
If  a nominal sample period of 1 second is chosen, da ta  s e ts  
can be generated as i f  sampling a t  various r a te s  by a lte ring  the angular 
frequency W ^ of the input signal.
Sampling r a te s  a re  m o st conveniently expressed in te rm s  of 
m ultiples of the Nyquist r a te ,  th is  being the minimum r a te  a t  which sam ples 
can be taken so as to  be able to  obtain fu ll signal recovery.
The Nyguist R ate  N =  2 sam ples per cycle. A t a sampling r a te  of 
1 sample per second, the maximum signal frequency m u st be % cycle per 
second = i f  radians per second.
maximum value of W = TT radian /  sample
B.3.2. L e as t Squares Analysis of Data
Assuming th a t  the sampled data produced would have the same
nominal angular frequency as the original signal, the  model
V = a^ + a sin W t  + a Cos W t  .. (1)0 1 o 2 o ' '
was used in a le a s t  squares curve f it t in g  technique so as to  examine 
the am plitude and phase d is to rtio n s  produced by the sam pling.
The le a s t  squares technique involves the solution of the equation
0 ,0 'fi "t G| ^vS^Vv/ot/i ^2. ^  Cos Wûfci\ n ^  Va
^  Wo " t ^  4- d 2_ *CoS bn  -  ^  th
do ^ CosW ota + (X^  ^Si'O Wo b\, CoS 4-(f 2^  ^ ^ 'ïCi CosWotn
in o rder to  determ ine the  values of the co nstan ts  a a a in the  model
•0 1 2
equation.
Equation (1) can be rearranged to  give
y = a^ + b Sin (W^t + ^ ) ..(3 )
where a^ is the zero d r i f t  of the sampled signal
b is the am plitude of the reco n stru c ted  signal
W  .. (4)
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is the d ifference  in phase between the  recovered signal 
and the  original sinusoidal function
= tan -  1
31
.. (5)
The re su lts  obtained can th e re fo re  be conveniently rep resen ted  
in te rm s  of p lo ts of am plitude recovery  and phase d ifferen ce  against 
sampling frequency. This m ethod will give some indication of the 
d is to rtio n  of the  signal caused by the  j i t te re d  sampling process provided 
of course th a t  the re su lts  obtained are  s ta t is t ic a l ly  sign ifican t.
As all the  sampling tim es never vary the da ta  should approxim ate 
to  the  equation:
y = Sin Wo t  + m A t .. (6)
2
where t  is the tim e in te rv a l betw een samples and m is maximum frac tio n  
of the sampling period by which the  sample will be delayed.
Figures B.3 to  B.12 show the  re su lts  of the com puter sim u la to r 
study fo r  a data  s e t  of 100 po in ts. The re su lts  a re  p lo tted  as am plitude 
against sampling r a te  and phase d iffe ren ce  against sampling r a te  f o r  : 
deviation in sampling tim e of between 0.2 and 1 sampling period as labelled.
From  the re su lts  of th is  sim ple example i t  can be observed th a t  the 
d is to rtio n  of the recovered signal w ith  re sp e c t to  the  input signal increases 
as the maximum deviation in sampling tim e approaches a whole sampling 
in terva l. F u rth erm o re , when th e  sampling r a te  is increased w ith re sp e c t 
to  the signal frequency, the d is to rtio n  is reduced.
The continuous line on the graphs of phase d iffe ren ce  vs sampling 
r a te  is th a t  of the phase lag p red ic ted  from  equation (6), and indicates 
th a t  the  recovered signal could be rep resen ted  adequately by ju s t a phase 
lagged version of the original signal.
B .3.3. Spectral Analysis of Data
E s tim a te s  of the  Power spectrum  of the  sampled da ta  w ere made 
using the  method outlined by Blackman and Tukey (72, 73).
Assuming th a t  the data  is available a t  equispaced in te rv a ls  of tim e 
estim ation  of the auto co rre la tion  function can be made a t  th e  tim es fo r  
which the value of the function is known.
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i.e . For a sampling in te rv a l of A t  da ta  is available a t
b — Oj At- ; 2..AC , .....................  ) ^  AiS
and the auto co rre la tio n  function a t  these  values of tim e
__
fo r  O M ^  m where m is generally taken as about 10% to  15% 
of the maximum number of values w ithin the data  s e t .
X is  the mean of th e  d a ta  s e t  Vo to V/x
A crude e s tim a te  of the power spectrum  of the  data  can be made 
by using the unconvoluted cosine tra n s fe r .
^ Co + 5  2,.Cr. Cos - t -  Coi ^ ' n
■rsi ^
f o r  ^  -  o ,  I ■ ■ ■ j rz
Finally, sm oothed e s tim a te s  of the power spec trum  can be obtained 
fro m  the crude e s tim a te s  by using the Hamming S pectra l window
LLo = 0 - 5 4 - . \ / o  0 * 4 ' 6 . V j  ; -
fo r I) 1 . I
-L t^  — O  Vp-| + 0 '54".V ^  -h 0-2.3. 
LLrt “ O  4-6, + O C)
The resu lting  values of^UL^are obtained fo r  frequencies near £  
cycles p er observation.
As only a single sided t r a n s f e r  has been considered, i.e . fo r  positive 
tim e and frequencies only, the re su lts  obtained should be doubled. However, 
i t  is  only the  re la tiv e  magnitude of the values which is of any concern and i t  
is  no t really  necessary  to  do th is .
F igs. B.13 - 17 show the power sp ec tra l e s tim a te s  obtained fro m  a 
generated  data  s e t  of 800 po in ts , sampled a t  d if fe re n t sampling r a te s .
Each diagram  shows the varia tion  produced as the deviation in sampling r a te  
is increased  from  zero  up to  a whole sampling r a te .
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Figs.B. 18 - 22 show power sp e c tra l estim atio n  obtained by 
generating data  in the fo rm
Yn = Sin Wo (tn  + en) + Sin W o (tn  + en)
2
These tended to  show th a t  the  higher frequency component was 
d is to r te d  to  a g re a te r  e x te n t tbian th e  lower frequency component.
B.4. R esults and Conclusions
The re su lts  obtained by bo th  m ethods confirm  the  th e o re tic a l 
analysis, high frequency components of th e  signal being d is to r te d  fo r  m o re  
than the  lower frequency com ponents. (Frequency in th is  co n tex t m u st be 
compared w ith the sampling frequency). The d is to rtio n  is  th e re fo re  
decreased as the maximum e r ro r  in sampling tim e decreases and also as 
the  re la tiv e  frequency of sampling is increased.
I t  would appear th a t  fo r  signal recovery th e re fo re  th a t  absolute 
sampling synchronism is n o t e ssen tia l. For a sampling frequency of five 
tim es the minimum Nyquist r a te  a deviation value of about on e-th ird  of 
a sampling in terva l would be  p e rfe c tly  acceptable and a deviation of up to  
one-half of the sampling in te rv a l could be to le ra te d .
In an in te rp re tiv e  sy stem  where commands take of the  o rder of 
5 to  10 m seconds each, a f re e  running sampling system  would require  
approxim ately 20 o r 30 m seconds p e r sam ple, i.e . to  pick up d a ta , p erfo rm  
a sim ple scaling operation and s to re  the  data . By including a so ftw a re  
clockflag fo r  synchronism , the  tim e  taken per da ta  sam ple would be 
extended to  approxim ate 50 m seconds w ith a maximum delay of about 
10 m seconds. ^
T herefo re  i t  would appear th a t  by using a slower in te rp re tiv e  type 
sy stem , i t  would n o t be e sse n tia l to  have a to ta lly  in^-errupt driven s y s te m . 
Synchronous sampling can be accomplished simply and e ffec tiv e ly  by allowing 
u se rs  to  in te rro g a te  a clockflag and then access the peripheral devic e when 
the flag  is found in the  s e t  condition. The necessity  fo r  tab le  driven 
so ftw are  can th e re fo re  be avoided.
This view is also confirm ed when one considers the  scanning r a te s  
which a re  likely to  be used in m o st applications (B.5) and also  as explained 
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BREAK . T e x t/v a r ia b le  t r a d e -o f f  ro u tin e  
E ntered as an ex tension  to  th e  l ib ra ry  command
C )
E ntry
E rro r  ^
C
'S et counter fo r  fou r o c ta l  d ig i t  input 
EEADC 
'^Was inpu t a number 
yes
’'Add p rev ious d ig i ts  from s to re  
’•M ultiply by 8 and re s to re  
rAny more ch a rac te rs  to  come 
no 
tREADC
Was c h a ra c te r  a ca rriag e  re tu rn  
yes
rReset te x t  vsiriable d e lim ite r  and c le a r  
symbol ta b le
E x it
E xtension  to  Altmode re p ly  to  Ask Command
tmod
 ^Get value of v a ria b le  in to  f lo a tin g  




M o d ific a tio n  to  Input R outine CHIN fo r  input echo su p p ression
^  Entry ^
•INDEV (s e e  F oca l F lo w sh eets)
rStore in  char
S^ORTJ (imVTERM m i l S T )
c t r l / r
R eplace ERINTC 
w ith  a nop . 
in s tr u c t io n
oth er
•FRINTC or nop
^  Return ^
: t r l / x
fR esto re
PRINTC
Power on Automatic R esta r t R outine
C
Entry )
 ^'Sort ou t d ata  and in s tr u c t io n  f i e l d s  
from sto red  v a lu e
R e s ta r t  t e le ty p e  p r in te r  f l a g
^Reset accum ulator and l in k  from sto red  
v a lu es
'Turn th e  in terru p t on aga in
'Continue op era tion  from p o in t o f  program  





C E n try
C
 ^ Save v a r ia b le  p o in te r  p ti in  put 
G SM
S to re  f lo a t in g  p o in t accumulator in  Temp 




Set accumulator to  non zero fo r  t t y  input 
PLINTP
S to re  v a r ia b le  value held  in  Temp in  










V ariab le  Erase ro u tin e




r e tu rnspace ; or 
o ther
POPJ
 ^'Move l a s t  v a r ia b le  in  ta b le  
in to  lo c a tio n s  occupied by 
th i s  v a r ia b le
E rro r
"C orrect end of v a r ia b le s  p o in te r
E xtension  to  Modify Command f o r  l in e  d u p lica tio n
C E ntry
1 s t e x i t
^  E rro r ^
■GETLN
Save l in e  number on push down l i s t  
rSmOR





2nd e x it
'R esto re  l in e  number from pushdown l i s t  












 ^S et d a ta  f i e ld  to  1 _ -
’Get value of req u ired  v a r ia b le  in to  
f lo a tin g  p o in t accumulator
•Reset d a ta  f i e ld  to  zero
^  Return ^
E ntry 3
vSet d a ta  f i e ld  to  1
rS e t value of v a ria b le  in  s to re  to  th e  
same as th e  f lo a tin g  p o in t accumulator
rReset d a ta  f i e ld  to  zero
Return 3
E ntry 3
' S et d a ta  f i e ld  to  1
Get v a r ia b le  su b sc rip t value in to  
accumulator
R eset d a ta  f i e ld  to  zero
R eturn 3
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Extension to  Symbol Table Dump Routine
P r in ts  an S fo r  SET befo re  th e  v a r ia b le  name and value 
so th a t  symbol ta b le  can be saved on paper tap e  and read  again
f Tdumpj
' ' I n i t i a t e  p o in te r  to  s t a r t  of symbol ta b le  
rT e s t  fo r  end of ta b le  
no t end
' Get v a r ia b le  name and s to re  in  output s to re  in  
f i e ld  1
“S et ou tpu t te x t  p o in te rs  to  p o in t to  output s to re
'P r in t  ans and a space v ia  PRINTC
' P r in t  v a r ia b le  name and a ( from output s to re  
using  GETC and PRINTC c a l l s
Get su b sc rip t v a lu e ,lo a d  in to  h igh  order p a r t  
of f lo a t in g  p o in t accumulator
)
' S e t exponen tia l p a r t  of f lo a t in g  p o in t accum ulator 
DNORM
' f FLOUTP+3 t o  a v o id  p r in t in g  an
' '  P r in t an ) v ia  GETC and PRINTC c a l l s
Load f lo a t in g  p o in t accum ulator w ith  value of 
v a r ia b le
' r FLOUTP
P r in t  a c a rr ia g e  re tu rn  using  PEIINTC 
► Move on to  next v a ria b le
)(
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DIPCHK Enable and D isable Commands 
E C enables the ro u tin e  
E D d isab le s  the ro u tin e
Entered  from an E rro r c a l l  in  Erase Command
^  E n try  ^
' I s  o h arac te r a c
yes
‘C lear POPJ 
in  Dipchk
no
' I s  © haraoter a d
no yes
' Set  a POPJ in  Dipchk to  d isab le  ro u tin e
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E x te n s io n s  t o  F o c a l I n te r r u p t  P r o c e sso r
E n try
' Save ace and l in k
' I s  power low
no y e s
 ^"Save r e s t a r t  a d d ress  and memory f i e l d  
' ‘S e t  lo c a t io n  (^000 t o  a  jump t o  r e s t a r t  
r o u t in e
H a lt
”I s  p r in te r  f l a g  s e t
no y e s
C le a r  f l a g s  and t e s t  b u f fe r  f o r  a  c h a r a c te r
c h a r a c te r  p r e s e n tnone
^Send to  p r i n t e r , s e t  f l a g  and r e s e t  b u f f e r  p o in t e r
"Is keyboard f l a g  s e t
no y e s
"T est c h a r a c te r  
o th e r c t r l / cb la n k
I s  in p u t b u f f e r  c le a r R eco
noy e s
" S tore  c h a r a c te r  
in  in p u t b u f f e r E rror
"High sp eed  r ea d er  in te r r u p t
y e sno




l o c k  i n t e r r u p t  
y e s
U p d a te  a b s o l u t e  t im e  c o u n t e r s  
fH a s  1i s e c o n d  e l a p s e d  
y e s
' P e s e t  h a r d w a r e  w a tc h d o g  
s e t  f l a g  f o r  DIPCHK r o u t i n e
Any o u t p u t  on  o u t p u t  c o u n t e r  c a r d s
y e s
n o
’Œnput on ch a n n e ls  1 to  6 o f  in p u t c o u n ter  
c a r d s  and s to r e  in  b u f f e r s  <
"Update th e  th r e e  u se r  scan  f l a g s , s e t  t o  
a n e g a t iv e  v a lu e  when tim e  in t e r v a l  has. 
e la p s e d
■ R esto re  i n s t r u c t i o n  an d  d a t a  f i e l d s
' • R e s t o r e  a c c u m u la to r  an d  l i n k  fro m  s a v e d  
v a l u e s
■Turn t h e  i n t e r r u p t  on  a g a in
C R e tu r n
SOETNSET
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C E n try





I S to r e  a s  in p u t /o u tp u t  fu n c t io n  r e q u ir e d  
A^RG
''S tore  as in p u t /o u tp u t  ch an n el a d d r e ss  
^Get in p u t /o u tp u t  fu n c t io n  word  
S0RTJ(CALL1ST TYPES)
o th e r
E rror
(^dta
- y - — * -----------
^dac (f)hrz |(^pm
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O n -lin e  V a ria b le  M o d ifica tio n  R outine
C5zD
/ —  — ■«---------------y e s
"Print a and retu rn  as 
term in ators
R eset ty p e /a sk  in h ib it
"no "
' I s  a type /a s k  command 
h e ld  a t  th e  moment
c * ^
n^o
y e s  jno
Dipchl
Clear input b u ffe r
Dipch]





te x t  p o in te r s
^Has a change j u s t  been com pleted  
no
'•Any input in  in p u t b u ffe r  y e t  
y e s
'•I f i t  a c t r l / s  
y e s
+ S e t an in  p ro g ress  f l a g
' S e t  up in h ib it  in  ty p e /a sk  command to  sto p  
in p u t and output i f  command en tered
■ ' -------------------- ---------------- "4--------------------------------
^ e t  up temporary t e x t  p o in te r s  fo r  
conmand input b u ffe r
4 P r in t a > as a  r e c o g n it io n  ch aracter
I s  in  p rogress sw itch  s e t  ;
y es  ^
S et input t e x t  p o in te r s  from temporary t e x t  




S et output t e x t  p o in te r s  to  b eg in n in g  o f  
command b u ffer
GETC
S e t command done sv /itch  
‘C lear in  progress sw itch
The dotted  l i n e s  shov/ the in te r n a l loops maoe when typ e /a sk  com-nand 
i s  put in to  in h ib it  mode
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T yp e/ask  i n h i b i t  r o u t in e
E n tered  when u se r  i s  in  param eter m o d if ic a t io n  mode and th e  
program e n t e r s  a  ty p e  or ask  command
C E n try
Save c u r r e n t  c h a r a c te r  and o u tp u t t e x t  
p o in te r s  on pushdov/n l i s t
'C rea te  th e  lo o p s  a s  shown in  d o t te d  l i n e s  
on main f lo w c h a r t
D ipchk





'POPJ (c le a r e d  by E C in s t r u c t io n )  
( r e s e t  by E D in s t r u c t io n  )
' I s  so ftw a r e  c lo c k  f l a g  s e t  
J
y e s
' Save p o in te r  t o  c u r r e n t  l i n e  
' S e t  up to  do group 31 
1 Do group 31




O btain  n e x t  argum ent and c o n v e r t  t o  in te g e r
E n try
1 s t  e x i t
vINTEGER
E rror R eturn
NEXT
C a lle d  by GETARG(*) w h ich  sh o u ld  n o t  b e  c o n fu s e d  w ith  
F o c a ls  v a r ia b le  se a rc h  r o u t in e  GETARG
E n try
'S0RTJ(RHBC0M c o m p m t )
o th e r comma
2nd
R eturn




Flap Routine for Real Time Focal
c E n try
'S e t  up p o in te r  a d d ress  t o  s t a r t  o f  





S to r e  as p a r t  secon d s  
count
ARG
S to r e  as p a r t  seco n d s  
in  f i r s t  sca n  f l a g
'•ARG
S to r e  a s  p a r t  seco n d s  
in  secon d  sca n  f l a g
TARG
'•S to r e  as p a r t  seco n d s  
in  th ir d  sca n  f l a g
y e s
t a b le
2nd in 3rd  in  
t a b le
Increm ent
p o in te r
a d d ress
' Increm ent  
p o in te r  
ad d ress C
o th e r
E rror )
y P ic k  up c u r r e n t v a lu e  o f  r e q u ir e d  
sca n  f l a g  v ia  p o in t e r  a d d ress
'S to re  in  h ig h  ord er  p a r t  o f  
f l o a t i n g  p o in t  accum u lator
'•Is  th e r  an oth er  argument p r e s e n t
no
F u n ctio n
R eturn
o n \  
c  J
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C o r r e c t  and 
s t o r e  a s  seco n d s  
c o u n te r
ARG
C o r r e c t  and 
s t o r e  a s  m in u tes  
c o u n te r
V ARG
C o rrec t and 
s t o r e  a s  hours  
c o u n te r
ARG
S to r e  a s  days  
c o u n te r
C lea r  
f l o a t i n g  






secon d s  
lount




' " Get 'G et G e t
m in u tes h ou rs d ays
cou n t cou n t cou n t
'^ C o rrec t ' ' C o rrect
u
JL C
o th e r
E rror
S e t  up f l o a t i n g  p o in t  accu m u lator  w ith  th e  
v a lu e  o f  r e q u ir e d  cou n t
f i s  th e r e  a n o th er  argument
no
F u n ctio n
R eturn )
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Input Routines called  from the Function FIN
^  E n try  ^
'SORTNSET
0 d ^  
toT SE T  
1 SETADD
 ^Read in  d i g i t a l  in p u t
’R o ta te  ou t d e s ir e d  b i t  u s in g  c o u n te r s  s e t  by  
BITSET
'S e t  th e  f l o a t i n g  p o in t  accum ulator  
- v e  i f  d e s ir e d  b i t  i s  a  1 
- v e  i f  d e s ir e d  b i t  i s  a /)
C F in is h 3
0ad^
'feTADD
'C lo s e  scan  s w itc h  and a llo w  a s h o r t  s e t t l i n g  
t im e
1 Read in  v a lu e  from  ADC
'A d ju st and s e t  f l o a t i n g  p o in t  accu m u lator  
so  t h a t  0 to  5 v o l t  in p u t s e t s  f l a c  in  th e  
ran ge  0 to  1
C F in is l i 3
0hrz)
C
Use ch au n el a d d ress  a s  a p o in te r  to  p la c e  in  
b u f f e r
'C e t in p u t v a lu e  from  b u f fe r
’ Î1RÎ/ILIZE







C le a r  a l l  p a n e l m eter f l a g s  
’SETADD
’I n i t i a t e  p a n e l m eter  
Turn in te r r u p t  on




'C le a r  p a n e l m eter f l a g s  
' I n te r r u p t  o f f
S e t  ch a n n e l a d d ress  0 f o r  in p u t c o u n te r  card  
'R ead cou n t in  in p u t co u n ter  ca rd  
rNRlÆLIZE
F in i s h 3
E n try 3
' S to r e  accum u lator in  low o rd er  p a r t o f  th e  
f l o a t i n g  p o in t  accum ulator
C lear  th e  h ig h  order p a r t  o f  th e  f l o a t i n g  p o in t  
accum u lator
' S e t  th e  e x p o n e n t ia l  p a r t  o f  th e  f l o a t i n g  p o in t  
accum u lator t o  27 o c t a l
R eturn
DNORM(see F o c a l  f lo w  s h e e t s )
3
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Output R o u tin e s  c a l l e d  from  th e  F u n c tio n  FOUT
^  E n try  ^
'SORTNSET
'BITSET






'C onvert t o  n in e  B i t s  in  th e  accum ulator
'C lea r  d i g i t a l  to  an a logu e  c o n v e r te r  f l a g
F in is h
'Send  o u tp u t




1 s t  r e tu r n  , no more argum ents2nd r e tu r n




C E n try
'S e t  th e  l in k  to
)
'-Pick up word a f t e r  c a l l i n g  i n s t r u c t io n  
and u se  i t  a s  th e  s t a r t  o f  th e  
P r e se n t  S ta tu s  Word T ab le
'F in d  c o r r e c t  p la c e  in  t a b le  by  u s in g  
ou tp u t c h a n n e l a d d ress
G et p r e s e n t  s t a t u s  word f o r  t h i s  c h a n n e l
'"Rotate d e s ir e d  b i t  in t o  l in k  and sa v e  
rem ain in g  b i t s  in  tem porary s t o r e
"ARG
-'Is  v a lu e  0 or 1i
11
'-Set th e  l in k  t o  a 1
"Add s to r e d  b i t s  and r o t a t e  back  to  c o r r e c t  
p o s i t i o n  and sa v e  a s  o u tp u t word
' SETADD
'G et ou tp u t word
)
Alarm or d i g i t a l
'-Output alarm  s t a t u s  word
d i g i t a l
O utput d i g i t a l  s t a t u s  word
- y
' S a v e  p r e se n t  s t a t u s  word in  t a b le  a g a in







t'Add ~5 to  th e  in te g e r  argum ent so  a s  t o  form  
tv/o r o t a t io n  c o u n te r s  to  be u sed  when 
m a n ip u la t in g  e i t h e r  alarm  or d i g i t a l  






' -Turn in te r r u p t  o f f  t
>
'rGet r e q u ir e d  ch an n el a d d r e ss  from  s t o r e  
" C lear and s e t  th e  ch a n n e l ad d ress  
" C lear  accum u lator and l in k
R eturn 3
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O utput C ounter Card R o u tin e  (n o t  in te r r u p t  d r iv e n )
C
1 s t  r e tu r n
^  E rror  ^
- v e
" Mask o u t a l l  
b u t l a s t  6 b i t s
Add r a i s e  
s tr o b e
C
E n try )
' "INTEGER 
S to r e  a s  ch an n el a d d ress  
GETARG(*)
2nd r e tu r n  argument p r e s e n t  
INTEGER
I s  V alue - v e  or 4ve  
- v e
N egate  v a lu e
M ask ou t a l l  but l a s t  6 b i t s  
’Add low er s tr o b e
S to r e  in  ou tp u t word 
Turn in te r r u p t  o f f  
" C lear and s e t  c h a n n e l ad d ress  
"’Send output word
F in is h





'Add c u r r e n t  t o t a l ,m u l t ip ly  by 33 
"Add a c o n s ta n t  (0147 o c t a l )
'S tore a s  c u r r e n t t o t a l
Load f l o a t i n g  p o in t  accum u lator w ith  th e  r e s u l t
F u n ctio n
Return 3
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/ ------y e s
C lear whole o f  
data  eurea
GETARG(*)
2nd e x i t
Error
1s t  e x i t
( F unction  A  Return y







1 I s  i t  a c le a r  in s tr u c t io n  
no
- f is  loop number too  b ig  
no
S et up s t a r t  o f  d ata  b lock  fo r  t h i s  loop
ARG12R (measured va lu e)
' ’Subtract p a st measured v a lu e  and save r e s u l t
-Store th is  measured va lu e  in  ta b le  fo r  next 
tim e
ARGERR ( s e t  p o in t)
Subtract from measurea v a lu e  and s to r e  as 
error va lue
ARCERR ( in te g r a l  a c tio n  tim e)
Save i t  fo r  the moment
ARGERR (scan  tim e)
1 D iv id e i t  by the in te g r a l a c t io n  tim e 
( s c / i t )
M u ltip ly  by error va lue  
( (m v -s p )* s c /it )
Subtract error  d if fe r e n c e  
( (m v -s p )* s c /it  -(mv-mv )
' Save the r e s u l t
IARGERR (g a in )
M u ltip ly  by the error fu n c t io n  and save th e  re: u lt
'-Compute address o f channel address s to r e  fo r  t h i s  
loop
'GETARG ( • )
2nd e x i t
lETECER (channel address) 
"Save as channel address
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n eg a tiv e
Conco
GETiOîG(*)
1 s t  e x i t
'C onfute address o f  in te g e r  increm ent s to r e  
'■Is c a lc u la te d  increm ent g rea ter  than j î  1024] 
no
 ^ Convert to  in te g e r  
Add to  p a st increm ent i f  any p resen t  
 ^ I s  r e s u l t  g rea ter  than 1 +  5 1 2  \
 ------------------------ >■-----------------------V
y es
I s  v a lu e  p o s i t iv e  or n eg a tiv e  
>  \
p o s i t iv e
S tore  in te g e r  increm ent 
o f  -512
( t o  max tr a v e l)
S to re  in te g e r  increm ent 
o f  +512
' 'Load the f lo a t in g  p o in t accum ulator 
w ith  the c a lc u la te d  va lu e  o f  the  
increm ent
J
( F unction  A  Return y
ARGERR
Entry
1 s t  return 2nd return
Return
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Lead-LaR C om pensation F u n c tio n
C E n try
'r INTEGER
^ I s  i t  a c le a r  in s t r u c t io n
/ -----y e s
y e s
^  E rror  ^
C lea r  d a ta  
a rea
GETARG(*)
1 s t  e x i t
( F u n ctio n  ' R eturn  J
2nd e x i t
^  E rror ^
■>
C




v i s  lo o p  nuniber to o  "big 
no
vCompute a d d ress  o f  d a ta  b lo c k  f o r  t h i s  lo o p
ARGERR(function to  be com pensated)
^ Save i t
ARGERR(time c o n s ta n t  r a t io )
Compute ou tp u t v a lu e  from  above param eters  
and v a lu e  o f  d e la y e d  fu n c t io n
AHGERR(lag tim e c o n s ta n t)  ^
Save i t
VARGERR (sc a n  tim e)
vCcmpute d e la y ed  f u n c t io n  v a lu e  f o r  n ex t  
e n tr y  o f  th e  r o u t in e  and sa v e  in  d a ta  b lo c k  
f o r  t h i s  lo o p
GETARG(*)
1 s t  e x i t
1 'Load f l o a t i n g  p o in t  accum ulator w ith  r e s u l t




Flow Charts fo r  Two User 
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Dynamic Duo In te r r u p t  p r o c e ss o r
C
C E n try
y e s
“^ Save a c t iv e  r e g i s t e r s  
S e t  0(^00 f o r




tS a v e  accum u lator and l in k  
I s  power low  
no
S e t  USERTÎO to  u ser  1 
'T his u s e r s  keyboard  
y e s  
1 KEY
T h is  u se r s  p r in te r  
y e s  
TYPE
S e t USERNO f o r  o th e r  u se r  
■fThis u se r s  keyboard  
y e s  
KEY
T h is  u se r s  p r in te r
y e s
TYPE
C lock  in te r r u p t  
y e s
Update a b so lu te  tim e c o u n te r s  
Has 1 secon d  e la p se d  y e t  
y e s
Update th e  w atch dog system
^ s ^  ^ s ^  ^ p 1 ^
502
V Input on ch a n n e ls  1 t o  6 of- in p u t  c o u n te r  
card  system
T e s t  o u tp u t c o u n ter  card o u tp u t r e g i s t e r s  
f o r  ou tp u t
Any ou tp u t on t h i s  ch an n el
no y e s
' ’O utput and update s to r e
^'Move onto n e x t ch an n el
1 A l l  done y e tno
y e s
P se
'"Update th e  scan  f la g s  f o r  b oth  u se r s
R st
R e s to r e  accum ulator and l i n k
R eturn
Power On A utom atic R e s ta r t
C E n try
C
mPINIT
4 S o r t ou t in s t r u c t io n  and d a ta  f i e l d s  from  
saved  d a ta  and s e t  them
'"R estore accum ulator and l i n k




C E n t r y
' l ) la n k  '  /r u b ô û t
C R e tu r n
E ch o
' 'ONDECK
’’Form r e q u ir e d  u s e r s  t t y  r e a d  i n  c o d e  
U R ead i n  c h a r a c t e r  , s a v e  a n d t e s t
[N oco
C
o t h e r c o n t r o l
c o d e
}
I ' I s  t h i s  u s e r  i n  a s i l e n t  s t a t e  
no
'"Is t h e  in p u t  b u f f e r  f u l l  
no
’ ACTIONQ
r is  u s e r  i n  s i n g l e  c h a r a c t e r  mode 
y e s
^ C le a r  i n p u t  w a i t  b i t  o f  DECK?
1
'Œ s in p u t  b u f f e r  n e a r l y  f u l l  y e t  
y e s
f C l e a r  in p u t  w a i t  b i t  
I s  in p u t  b u f f e r  t o t a l l y  f u l l  
no
S t o r e  c h a r a c t e r  i n  b u f f e r  and  r e s e t  
b u f f e r  in p u t  p o i n t e r s
' 'OFFDECK
R e tu r n
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le a d e r  
t r a i l e r  
( )a n d  /
o t r l /  g 
c t r l / x  
and
l in e f e e d
o t r l / l
c t r l / rr e tu r n
and
o t r l / sc t r l / t
T type C tr ls
o th e r s
1 S e t  eoho d is a b le  b i t  
in  DECKP
'“C le a r  eoho d is a b le  b i t  
in  DECKP










S in t T type
505
Ctr: C trlc]
Get ad d ress  o f  e r r o r  r e c o v e r y  r o u t in e  in t o  
accum u lator as a r e tu r n  ad d ress
BDUMP
C lea r  a l l  DECKP b i t s  e x c e p t  t t y  in  p r o g r e s s
P r in t  a f u s in g  ACTIONQ
1 s t  e x i t 2nd e x i t
Make c o n t r o l  code in t o  a p r in ta b le  codeI'G et r e tu r n  
ad d ress  in t o  
accum u lator 'ACTIONQ





'C le a r  in p u t w a it  b i t  o f  DECKP 
'T e s t  f o r  c u r l / s  typ ed  b i t  in  DECKP 
found
'C le a r  c t r l / s  typ ed  b i t  and s e t  c t r l / s  
f in i s h e d  b i t  in  DECKP
Echo
30é
C t r ls
Same as in te r r u p t  
u se r
V S e t  t y p e /a s k  i n h i b i t  
p a tch  in  in t e r p r e t e r  
f i e l d
' ’S e t  a c t r l / s  typ ed  b i t  i n  DECKP
'T e s t  which u se r  i s  a c t iv e  in  th e  in t e r p r e t e r
A i. /  ^ ^
n o t same as 
in te r r u p t  u s e r
' S e t  t y p e /a s k  i n h i b i t  
p atch  in  saved  a d d r e sse s  
in  t h i s  f i e l d





C E n try
C
'^Clear b oth  u se r s  DECKP’ s 




C a lle d  by ONDECK
UNDECK
C a lle d  by OFFDECK
BDUMP
E n try
t l s  t h i s  u se r s  d a ta  b lo c k  i n  DECK area  
o f  page zero
no
vP ut i t  th e r e  from b ase  area
R eturn
C E n try
C
^Remove t h i s  u se r s  d a ta  b lo c k  from  
DECK area  to  b a se  a rea
R eturn
3




TSave r e tu r n  ad d ress  in  accum u lator  
in  PCM
C lea r  t h i s  u se r s  t e l e t y p e  b u f f e r s  and 
r e s e t  p o in te r s
r I s  t h i s  u se r  a c t iv e  a t  p r e se n t
y e s
'T n  o th e r  f i e l d  
y e s
R eturn  to  o p e r a tio n  w ith in  F o c a l w ith  
a c le a r  accum u lator and l in k  u s in g  
jLPCM as th e  r e tu r n  ad d ress  p o in te r




C a lle d  by ACTIONQ C
no
no
t  One lo c a t io n  
y e s
C  ï ï ï t  \
I R eturn  )
E n try
ta k e  f i r s t  
r e tu r n  a t  end
M s c h a r a c te r  in  accum u lator
'G e t  from c h a r a c te r  s to r e  CHARM 
>
jAre  th e r e  a t l e a s t  two lo c a t io n s  i n  





’ ’ Form t h i s  u se r s  p r in t  
lOT code
P r in t  c h a r a c te r
U S e t  t e l e t y p e  in  p r o g r e ss  
b i t  in  DECKP
tak e  second r e tu r n  a t  end 
"ÎpI s" t e le t y p e  in  p r o g r e ss
A   ----------- -
y e s
t s t o r e  c h a r a c te r  in  
ou tp u t b u f fe r






V C le a r  t e l e t y p e  f l a g
[ C le a r  ou tp u t w a it  





'C le a r  t e l e t y p e  i n  p r o g r e ss  b i t  in  DECKP 
' Form t h i s  u se r s  o u tp u t lOT code  
'"Any ou tp u t i n  o u tp u t b u f fe r  
y e s  
1 P r in t  i t
r S e t  in  p r o g r e ss  b i t  i n  DECKP 
Update ou tp u t b u f f e r  o u tp u t p o in te r
'OFFDECK
R eturn 3
TSave c h a r a c te r  h e ld  
in  accum u lator
^ S et up p o in te r s  f o r  
a c t iv e  u se r  to  use  





2nd e x i t
' ‘S e t  in p u t w a it  
J 3 it  in  DECKP
--------------------- X
1 s t  e x i t
'“S e t  o u tp u t  
w a it  b i t  in  
DECKP
S e t  up a c t iv e  u se r  
t o  u se  in te r r u p t  r o u t in e s
' "ONDECK
'[Any in p u t in  b u f f e r  
y e s
tC e t  c h a r a c te r  in t o  
accu m u lator  and r e s e t  
b u f f e r  and b u f fe r  
p o in te r
'"Return to  F o c a l O p era tio n
^  R etu rn  ^
310
Exohk
S e t  up p o in te r s  f o r  a c t iv e  u se r  to  u se  
in te r r u p t  r o u t in e s
1 ][s i t  tim e f o r  a u se r  swap
y e s no
1 R eturn  to  F o c a l o p e r a tio n
R etu rn
v R e se t  check  c o u n te r
'■ONDECK
'"Clear s in g le  c h a r a c te r  mode
'rSave re tu r n  a d d r e ss  in  f o c a l  f o r  t h i s  u ser
' -OFFDECK
Swap ' Turn in te r r u p t  on
vLook f o r  a u s e r  n o t in  in p u t or ou tp u t w a it  s ta t u s
foundn ot
found
' ^ s  u se r  a lr e a d y  a c t iv e
y esno
v R e tu m  to  
F o c a l
v i s  a c t iv e  u s e r  in  tr a c e  mode
no y e s
R eturnW ith in p u t w a it  on
noy e s
Exswp
' T e s t  sw itc h  r e g i s t e r  f o r  a s to p  b i t
found
v H a lt  here , p r e s s  c o n tin u e  t o  go to  Super D m onitor in  f i e l d  2 




v S et up new u se r  as a c t iv e  u ser
'Move t h i s  u se r s  n on - re  en tra n t a d d r e sse s  
in t o  co re  and o ld  u se r s  o u t o f  c o re
^Move in  t h i s  u se r s  zero  page p o in te r s  
and move o u t o ld  u se r s
'C on tin u e  t h i s  u se r s  f o c a l  program from  
w h er e it  was l e f t
R eturn )
312




S e t up au to  in d e x .r e g i s t e r  f o r  d ia lo g u e  p r in t  out  
from b u f fe r
V garble
'•CRLF
VSet up a co u n ter  f o r  fo u r  o c t a l  d i g i t  in p u t
1NTEST1 s t
r e tu r n
2nd r e tu r n
v M u ltip ly  p rev io u s  d i g i t s  by 8 and add c u r r e n t  d i g i t
1 More d i g i t s  to  comey e s
no
' I s  v a lu e  o u ts id e  p r e s e t  l im i t sy e s
no
r S e t up p o in te r s  in  page zero  f o r  u s e r  1
'S e t  up p o in te r s  in  s to r e d  l i s t  f o r  u se r  2
1 Move u se r  2*s i n i t i a l  l i n e  t o  s t a r t  o f  h i s  area




' I s  r e s u l t  g r e a te r  than 60
y e s no
I S to r e  as secon ds count
' I s  r e s u l t  g r e a te r  than 60
y e s no
^Store as c u rren t m inutes count
i l s  r e s u l t  g r e a te r  than 24
y e s no
1 S to r e  c u r r e n t hours count
' I s  r e s u l t  g r e a te r  than 31
noy e s
1 S to r e  as c u rren t days count





C lea r  i / o  b u f fe r s













^'Print a r e tu r n  and a l i n e  fe e d
R eturn
C E n try
C
n o t found vW ait f o r  t e le t y p e  f l a g  
found  
^ y p e  c h a r a c te r
R eturn




'Ms keyboard f l a g  s e t  
y e s





s t  
R eturn
'C h a ra c ter  g r e a te r  than  0 
y e s
’Save v a lu e  as a s in g le  d i g i t
1 I s  i t  l e s s  than 7 (o r  9 l a t e r  in  d ia lo g u e )  
y e s
'G et a s c i i  c h a r a c te r  in t o  accum u lator f o r  





1 Save d ia lo g u e  b u f fe r  p o in te r
Trya,







1 s t  e x i t
C
E n try
1 s t  e x i t
VLISN 
1 -NTEST 
2nd e x i t  
iTYFE
'•M u ltip ly  d i g i t  by 1# and save  
■LISN 
tNTEST 
2nd e x i t  
♦TYPE
Add second d i g i t  t o  f i r s t
R eturn
317
L ib ra ry  M o d if ic a t io n
p e r io d
o th e r
E n try
'•P r in t v a lu e  o f  p o in t e r  to  s t a r t  o f  t e x t
! 'P r in t  v a lu e  o f  p o in t e r  to  end o f  t e x t
P r in t  v a lu e  o f  p o in t e r  to  s t a r t  o f  v a r ia b le s
' P r i n t  v a lu e  o f  p o in t e r  to  end o f  v a r ia b le s
P r in t  a c o lo n  
SINGLE




^ G et p r e v io u s ly  s to r e d  t o t a l  m u lt ip ly  by 8 
and add c u r r en t d i g i t
]^Any more d i g i t s  to  come
no
READC
'"Was i t  a r e tu r n  
y e s
^ D oes new p o in te r  l i e  betw een end o f  t e x t  
and s t a r t  o f  pushdown l i s t
y e s
"Accept as new s t a r t  o f  v a r ia b le s  p o in te r  









" S tore  in  GEAR 
U ls i t  a r e tu r n  
y e s




S e t to  i n s t r u c t io n  f i e l d  and d a ta  f i e l d  0
C E n try
vSave r e tu r n  ad d ress  -1 so  th a t  in p u t  
may be r e c a l l e d  i f  r e q u ir e d
'"Set in s t r u c t io n  f i e l d  and d a ta  f i e l d  0
EXGHEG
E n tered  a t  th e  s t a r t  o f  e v e ry  sub l i n e  a s  a swap ch eck  p o in t
E n try
'•Save r e tu r n  a d d ress
'•Set i n s t r u c t io n  f i e l d  and d a ta  f i e l d  0
Exch;
519
SINGLE C E n try
C
|S e t  s in g le  c h a r a c te r  in p u t mode b i t  in  
a c t iv e  u s e r s  DECKP
R eturn
M o d if ic a t io n  to  M odify Command f o r  u se w ith  Duo
C E n try )
^Entered from command d ecod er  
1 'SINGLE
C on tin u e  in t o  e x te n s io n  o f  m odify
M o d if ic a t io n  to  Ask Command f o r  use w ith  Duo
C E n try
’ E n tered  from command d ecod er  
('SINGLE
('C ontinue in t o  a sk  command
32 0
New E r r o r  R ecovery  R o u tin e
C on so leR eoovr E n try
t'S et acc to  
0200
rG-et r e tu r n  
a d d ress
'S to r e  in  LINENO
) P r in t  a ?
''P r in t  LINENO as an e r r o r  code
vV/as a l i n e  o f  in d ir e c t  program  
b e in g  e x e cu te d
no y e s
' rG-et l i n e  number and p r in t  i t
P r in t  a r e tu r n  ,
^ C lear  f l a g s  and i n h i b i t  sw itc h e s  s e t  
by p aram eter m o d if ic a t io n  r o u t in e
S t a r t
ADTST
E n try
I T e s t  ou tp u t ch a n n e l ad d ress
U ser  1 has even  ch a n n e ls  
U ser  2 has odd ch a n n e ls







V S to re  as f u n c t io n  code
ARGINT
S to r e  as ch an n el ad d ress
uWas i t  in p u t or ou tp u t th a t  c a l l e d  t h i s  
r o u t in e
in p u t ou tp u t
'’Get ch a n n e l ad d ress
'ADTST
'Get fu n c t io n  code
VSORTJ (CALLIST TYPES)
^ ^ ^




R eturn E rror
SETADD
C E n try
C
vGet ch a n n e l ad d ress from s to r e  
'C le a r  and s e t  ch a n n e l ad d ress
R eturn
322
Parameter M odification  Routine
E n tered  a t  th e  end o f  e v e ry  com p lete  l i n e
^  E n try  ^
W tlp W
D ipchk
yHas a command j u s t  been com p leted  
no
I s  c t r l / s  f in i s h e d  f la g  s e t  i n  DECKP 
y e s
S e t  in p u t t e x t  p o in te r s  t o  s t a r t  o f  command 
b u f fe r
jREADC
rSORTJ (MYLIST YRLIST)
P r in t  a 
and a r e tu r n
 ^ R e s e t  t y p e /a s k  
i n h i b i t  sw itc h
Was a t y p e /a s k  
command in  
h o ld  mode
r e tu r n
TACKC
"PACKC
o th e r
PACKG
comma 
l in e  
fe e d
' S e t  ou tp u t t e x t  p o in te r s  to  s t a r t  o f  
command b u ffe r
;
^ S et done f l a g  and c le a r  DECKP b i t s  used  f o r  
c t r l / s
y e s
R e sto r e  c h a r a c te r  from p d l  





E n tered  from a ty p e /a s k  command i f  a param eter m o d if ic a t io n  
i s  i n  p r o g r e ss
C E n try
’ Save c u rren t c h a r a c te r  and t e x t  p o in te r s  
on pushdown l i s t
''S e t ty p e /a s k  in  h o ld  mode sw itc h
Dipch;
''POPJ ( c le a r e d  by E C and E D commands)
' I s  so ftw a re  t im in g  f l a g  s e t
y e sno
"Save program c o u n ter  on pushdown l i s t
POPJ " S et to  do group 31
''C lear so ftw a re  t im in g  f la g
DO +1
^ R esto re  program co u n te r  from  
pushdown l i s t
POPJ
NEXTARG
M u ltip le  argument e v a lu a t io n  r o u t in e
C E n try
(  ^  rR eturn  y
T e s t  c h a r a c te r








C a lle d  by ARGINT
ERRARG






1 s t  e x i t 2nd e x i t
R eturnE rror
FLAG- R o u t in e
525
E n try
r S e t  up p o in t e r  f o r  r e s e t t i n g  co u n ts
I s  i t  a s e t  command
y e s no
I s  t h i s  f l a g  v a lu e  in  l i s t
no y e s
vG-et c u rren t v a lu e  o f  t h i s  f l a g
r S e t  up in  f l o a t in g  p o in t  accum u lator
E rro r
X it
2nd e x i t 1 s t  e x i t
F u n ctio n
R eturn
E rror
'’S to r e  as c lo c k  p u ls e s  
f o r  p a r t ic u la r  scan  
f l a g







o th e r0hrs 0mns
E rror
'&et secon d s  
cou n t
G-et hours  
cou n t
Get days  
cou n t
1 Get m inutes  
cou n t
C o rrec t i t ^ C o r r e c t  i t  
^  »■ ^ V
1 C o rrec t i t "C orrect i t
' S e t  up f l o a t i n g  p o in t  accum u lator  
w ith  v a lu e  o f  count
X it
E x te n s io n  t o  FOUT command
0in i
' +ve or  -v e
■A _
+ve -v e
1 Get s i x  l e a s t  s i g  b i t s  
o f  argument V N egate and g e t  s i x  l e a s t  s i g  b i t s  o f  argument
1 ' Add r a is e  s tr o b e''Add r a i s e  s tr o b e
I'Save ou tp u t word
rSend o u t ou tp u t word
F in ish ]
527
PCI New command f o r  PCI c o n t r o l  a lg o r ith m  
E n tered  from  th e  command d ecod er
C Entry-
o th e r




ter m in a to r  
'ECALL 
'INTEGER
I s  i t  a c le a r  i n s t r u c t io n  
no
I'ADTST
r i s  ch a n n e l ad d ress to o  b ig  
no
/ -------------------- \
I E rror j
'Compute ad d ress where d a ta  f o r  t h i s  ch an n el 
i s  s to r e d
'“C lea r  ou t  
d ata  area
!ARGERR(measured v a lu e  ) ;
S u b tr a c t  p a s t  m easured v a lu e  and save r e s u l t
rStore t h i s  m easured v a lu e  in  t a b le  f o r  n ex t  
tim e
ARGERR ( s e t  p o in t)
''S u b tract from m easured v a lu e  and s to r e  as  
e r r o r  v a lu e
'ARGERR ( in t e g r a l  a c t io n  tim e)
fSave i t  f o r  th e  moment
-ARGERR (sc a n  tim e)
'D iv id e  i t  by th e  i n t e g r a l  e c t i c n  tim e  
( s c /  i t )
'M u lt ip ly  by e r r o r  v a lu e  ( ( m v - s p ) * s c / i t )
'S u b tr a c t  e r ro r  d i f f e r e n c e  
( ( m v-sp)* s c / i t - (  mv-mv ) )
328
Save th e  r e s u l t  
• ' ARGERR ( g a in )
''M u ltip ly  by th e  e r r o r  fu n c t io n  and save  r e s u l t  
''Compute address o f  s to r e d  in crem en t v a lu e  
' Was l a s t  c h a r a c te r  a , c r  a ;
' I s  c a lc u la t e d  increm en t g r e a te r  th an  -  1024
no
C on v ert to  in te g e r  
Add t o  p a s t  increm en t i f  any 
j l s  r e s u l t  g r e a te r  th an  -  512 
y e s
' I s  v a lu e  +ve or  -v e
-A .
-v e
nstore in t e g e r  increm en t  
o f  -  512
J.
+ve
fs t o r e  in t e g e r  in crem en t  




'GETARG ( s e t  p o in te r s  t o  v a r ia b le )
' 'Load c a lc u la t e d  v a lu e  in t o  f l o a t i n g  p o in t  
accu m u lator  and th en  in to  v a r ia b le  s t o r e
C
'Dump EFOP c a l l  
, PARTE ST 
SPNOR
'SORTJ (TLIST ILIST)
o th e r
E rror )
r e tu r n
329
A PPEN DIX F .
F low  C h a rts  f o r  th e  F ile  
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C




vS ave  a c t iv e  
r e g i s t e r s
' S e t  lo c a t io n  
####  f o r  au to  ,, 




b la n k
’S a v e  accum u lator and l in k  
I s  power low  
no
I s  p r in te r  f l a g  s e t  
y e s  
jC le a r  f l a g s
'Any ou tp u t in  o u tp u t b u f f e r  
y e s
P r in t  i t  and s e t  so ftw a r e  f l a g  
Update o u tp u t b u f fe r  p o in te r  
I s  keyboard f l a g  s e t  
y e s
‘Read in  c h a r a c te r  and t e s t  i t
o th e r
I s  in p u t  b u f fe r  
c le a r
^ t r l / c  
^  R ecovr ^
y e s no
^  E rror ^
' 'Load in p u t b u f f e r  w ith  c h a r a c te r
'R esto re  memory f i e l d  , accum u lator  




C E n try
•>*—
3
Save accum u lator and tu rn  in te r r u p t  on 
no fA ny room in  ou tp u t b u f f e r  
y e s
'“Turn in te r r u p t  o f f  
I s  so ftw a r e  in  p r o g r e ss  f l a g  s e t  
y e s
rLoad c h a r a c te r  in t o  o u tp u t b u f f e r  and 
r e s e t  b u f f e r  p o in te r s
R eturn






I s  th e r e  c h a r a c te r  in  th e  in p u t b u f fe r  
y e s
'Save c h a r a c te r , c le a r  in p u t b u f fe r  and 
r e lo a d  c h a r a c te r  in to  accum ulator
R eturn 3
Power on A utom atic R e s ta r t  R o u tin e
C E n try 3
' ’S o r t o u t in s t r u c t io n  and d a ta  f i e l d s  
S t a r t  t e l e t y p e  
' ’R e s to r e  accum ulator and l in k  
'•R eset in s t r u c t io n  and d a ta  f i e l d s  
C on tinue program from h a l t  p o in t
3 3 3
Super D Maxi Bootstrap






'S e t  ta p e  on u n i t  (J) t o  go fow ard
'RED(^D) a l lo w s  mark tr a c k  r e g i s t e r  t o  f i l l  
' ’EEDQÜD) up v /ith  m ean in g fu l b i t s
'"Wait f o r  s i n g l e  l i n e  f l a g
found
Read command r e g i s t e r , i s o l a t e  mark tr a c k  
b i t s
f T e s t  f o r  b lo c k  number segm ent 
found
4Read d a ta  r e g i s t e r  f o r  b lo c k  number 
' I s  i t  r e q u ir e d  b lo c k  number ( s t a r t i n g  a t  2<f) 
y e s  '
f S e t  d a ta  f i e l d  f o r  t r a n s f e r  in to  f i e l d  2 
^Look f o r  r e v e r s e  guard mark on ta p e  
found
' ’Ig n o r e  2 e x tr a  c o n t r o l  words 
' 'EEDQUD
'S o r t  ou t fow ard checksum
■redqud
'EQIFUN
1 "Store in  f i e l d  2 and increm ent a d d ress  p o in t e r  









vEQUIFITN ( 1 2 9  words p er  b lo c k )
'REDQUD g e t  tap e  checksum  
Mask 
fGSTSUM
Any tim in g  e r r o r s  or  checksum  e r r o r s  
no
v i s  t o t a l  t r a n s f e r  com p lete  
y e s
vS top  ta p e  m otion  on u n i t  0 
Jump t o  s t a r t  o f  Super D 0200 f i e l d  3
^ I n i t i a l i z e  f o r  t r a n s f e r  o f  n ex t ta p e  b lo c k  >
REDQUD
C E n try
>









^  E n try  ^
In c lu d e  l a s t  
word in  checksum





'Change runn ing  checksum  
in t o  an e q u iv a le n t  
checksum
1 'T est a g a in s t  v a lu e  
fou n d  on ta p e  
(non zero  accu m u lator)  
( i s  p ic k e d  up l a t e r  )
R eturn )
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Super D Command Decoder
. ( S t a r t
' R e s e t  pushdov*7i l i s t  p o i n t e r  and  t r a c e  s w i t c h
' P r i n t  a #  v i a  PRINTC
' 6 e t  in p u t  t e x t  p o i n t e r s  t o  s t a r t  o f  command 
b u f f e r
'"READG
'SORTJ ( U S T 7  IN U S T  )
c t r l / co t h e r l i n e
f e e d
r e t u r n
PACKG R e c o v r
r S e t  o u t p u t  t e x t  p o i n t e r s  
t o  s t a r t  o f  command b u f f e r
,Rpnt1
’I s  i t  a  r e t u r n
4, GETC
e sn o
s o r t c ( g i i s t ) 1 s t  e x i tS t a r t
2 n d  e x i t
'I S a v e  c h a r a c t e r  on  p u sh d ow n  l i s t
1 s t  e x i t
^ R e s t o r e  c h a r a c t e r  fr o m  push d ow n  l i s t  
' SORTJ ( COiJST CŒÆ10 )
o t h e r





'Save in p u t  t e x t  p o i n t e r s  on pushdown 
l i s t
PACKG 
' PACKG
-Set up unpacking t e x t  p o in t e r s  t o  s t a r t  of 
conimajnd b u f f e r
rP rjn t a c a r r i a g e  r e t u r n  l i n e  feed, and a  ^  
u s in g  PR1ÜTC
■Enable t r a c e  f a c i l i t y
GETC
I s  i t  a  l i n e  f e e d
D isa b le  t r a c e
■Restore in p u t  t e x t  p o i n t e r s  from 
pushdov/n l i s t
Rpnt2
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D i r e c t o r y  R e a d /W r ite  R o u t in e  
C a l l e d  b y  DRCTRY 
JMS I  # 1 5 2 C E n t r y
S t o r e  a c c u m u la to r  i n  UNIT a s  d e c  t a p e  
u n i t  r e q u ir e d
r S t o r e  l i n k  i n  REDWRT a s  r e a d  w r i t e  f l i p  f l o p
S e t  p a r a m e te r s  f o r  t r a n s f e r  o f  t e n  b l o c k s  
o f  d a t a  fr o m  r e q u i r e d  d e c t a p e .
( t o  o r  fr o m  b l o c k s  1 t o  1 #  )
( i n t o  o r  o u t  o f  5 0 0 #  f i e l d  2 o n w a r d s)
''DTADE
)
2n d  e x i t  
' ' T e s t  f o r  r e a d  o r  w r i t e  
r e a d
1 s t  e x i t
^  E r r o r  ^
r A re t h e  f o u r  c o n t r o l  w o r d s  p r e s e n t  on  
d e c t a p e  d i r e c t o r y
1 ^ 0
T ape i s  n o t  S u p e r  D fo r m a t
E r r o r
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R o u t in e s  f o r  s e t t i n g  up  an d  s a v i n g  t h e  i n t e r r u p t  p r o c e s s o r
SETCON
RVM314
C E n t r y
C
v S t o r e  a c c u m u la to r  i n  REBWRT f o r  r e a d  w r i t e
S e t  o t h e r  p a r a m e te r s  f o r  f i e l d  # a d d r e s s (/ 
n o  p a r t  b l o c k s  and  c l e a r  s e a r c h  f l i p  f l o p
R e tu r n 3
C E n tr y
^ 1 s t  e x i t




i S e t  s t a r t i n g  b l o c k  o f  13  i n  a c c u m u la to r  
'■SETVAR
 ^’DTAPE ^
2nd  e x i t  '
' S e t  s t a r t i n g  b l o c k  13  i n  a c c u m u la to r  a g a in  
ISETVAR 
 ^CHECK
R e tu r n 3
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OT1112
C E n t r y
r .
1 s t  e x i t




’S e t  s t a r t i n g  b l o c k  o f  11 i n  a c c u m u la to r  
'SETVAR 
1 DTAPE
2n d  e x i t  '
j S e t  s t a r t i n g  b l o c k  11 i n  a c c u m u la to r  a g a in  
'SETVAR 
1 CHECK
R e tu r n 3
SETVAR
^  E n t r y  ^
C
‘^S t o r e  a c c u m u la to r  a s  s t a r t i n g  b l o c k
‘^S e t  p a r a m e te r s  f o r  2 b l o c k  t r a n s f e r  fr o m  a d d r e s s
R e tu r n 3
RSTRT
C a l l e d  b y  RES-.VOP 
JîvB I  # 1 5 # C E n tr y
C
3
v S e t  a c c  f o r  w r i t e  i n t o  b l o c k s  13  and  1 4
'RVa-314
 ^'S e t  a c c  f o r  r e a d  fr o m  b l o c k s  11 a n d  1 2  
'RW1112  
C le a r  e r r o r  r e s e t  f l i p  f l o p  
tSEARCH
R e tu r n 3
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TERIW
G a l l e d  b y  XTRiWS 





f S e t  t o  b l o c k  
num ber 1
E n t r y )
S e t  a c c  f o r  w r i t e  i n t o  b l o c k s  11 an d  1 2 
 ^RW1112
v S e t  e r r o r  r e s e t  f l i p  f l o p
' B e t  a c c  f o r  r e a d  fr o m  b l o c k s  13  a n d  1 4
'IRW1314
vSEARCH
R e tu r n 3
E n t r y
1 s t  e x i t
C _ ^ D (
3
f i s  a c c u m u la to r  z e r o  
n o
S e t  t o  b l o c k  num ber i n  a c c  
S e t  s e a r c h  mode f l i p  f l o p  
fT u r n  t h e  i n t e r r u p t  o f f  
TDTAPE 
2n d  e x i t
C le a r  s e a r c h  m ode f l i p  f l o p
R e tu r
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TCHECK
C alled  by CHECK 
Ji/iS I  0153
1s t  e x i t
Entry 3
vSet dectape ro u tin e  DTAPE fo r  
t r a n s f e r  checking mode
Set REDY^TIT fo r  read
! Set foward rev e rse  word fo r  rev erse
' 'DTAPE
2nd e x it
f K i l l  t r a n s fe r  checking mode in  




C a l le d  by  mSTC
G
c h a r a c t e r  i n  l i s t
( R e t u r n A  C a l l i n g  1 J^yes
R e tu rn  X  
C a l l i n g  3 J
R e tu rn  \  ^
C a l l i n g  2 J
moR 
''SORTC (TSRlvIS) 
c h a r a c t e r  n o t  i n  l i s t  
+ l s  c h a r a c t e r  an f  
n a  
fTESTN
J I .. . . .  .  . . . k «  . . .  < I
O th er
R e tu rn  
C a l l i n g  4
number
R e tu rn  \  
C a l l i n g  2 J
XSGRTC
C a l le d  by  SORTC
^  E n t r y  ^
\Ge
y e s
n o t  i n  l i s t
Get l i s t  a d d re s s  f ro m  c a l l i n g  1 
é t  a  c h a r a c t e r  f rom  th e  l i s t  
"Is i t  -v e  
no
t i s  i t  t h e  same a s  c h a r  
y e s
Compute th e  p o s i t i o n  o f  th e  c h a r a c t e r  
i n  th e  l i s t  and s t o r e  th e  r e s u l t  i n  
s o r t c n
R e tu rn  \  / R e t u r n \
C a l l i n g  3 J  C a l l i n g  2 J
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i\ishdcv;n L i n t  C o n tro l s
C a l le d  by hUOha
E n t ry
(
S to r e  acc  in  t2
' l e s t  i f  t h e r e  i s  enough 
room on p d l  by_ u s in g  PCliit
S to r e  c o n te n t s  o f  t2  on p d l




^  E n try
ye:
.educe p d l  p o i n t e r  by 
c o n te n t s  of accum ula to r
G/’i l l  p d l  overflow  in t o  
v a r i a b l e  t a b l e
no
Ç  R e tu rn ^  
^Error ^
C a l le d  by FUShJ
C E n try
Get s u b r o u t in e  a d d re s s  
from l o c a t i o n  a f t e r  
c a l l i n g  i n s t r u c t i o n  
s t o r e  in  t 2
T es t  p d l  w i th  PChK
G to rc  r e t u r n  a d d re ss  
on }xil
'b e s e t  p d l  p o in t e r  w i th  PChK 
Jump to  a d d re s s  field in  t2
PD2
C a l l e d by IGEhh 
E n try
C
Get p o i n t e r  ad d re ss  
from l o c a t i o n  a f t e r  
c a l l i n g  i n s t r u c t i o n
'"Test i f  t h e r e  i s  
enough room f o r  3 
words u s in g  LChK
E to re  3 J'.'o.eds p o in te d  
to  by p o i n t e r  a d d re s s  
on p d l
R ese t  p d l  p o i n t e r  
u s in g  PChK
R etu rn
C a l le d  by POP? 
^  E n try
C
' Ge t  p o i n t e r  a d d re ss  
from l o c a t i o n  a f t e r  
c a l l i n g  i n s t r u c t i o n
■Restore 3 v/ords from 
p d l  in  tiie 3 words 
p o in te d  to  by 




C a l l e d  b y  SENOR
E n t r y
'^ GETC
I s  c h a r a c t e r  a  s p a c e
n o
^  R e tu r n  ^
INPUT
E n tr y
v i s  in s u b  z e r o
y» —  4
y e s , i n p u t  fr o m  
t e x t
n o , i n p u t  fr o m  k e y b o a r d
'READC
R e tu r n -SORTJ ( i r ^ I X  SPECIAL)
c t r l / so t h e r
C t r l f C t r l s
R e tu r n
34.6
SOÎ<TD • Sort and Branch Routine





' I s  th e r  a c h a ra c te r  in  the  accum ulator 
no
'G et i t  from char 
leg a te  c h a ra c te r  and s to re  
'{Get ch a ra c te r  l i s t  address from c a i l in g +1
yes 
end of l i s t
"4- ■ f
*^Get a c h a ra c te r  from ch a ra c te r  l i s t  
v is  i t  the c h a ra c te r  n eg a tiv e  
no
J
( R e t u r n \  Calling+3 y
no y is  i t  th e  same as th e  given, c h a ra c te r  
• < -
yes
Compute p o s it io n  in  l i s t  and determ ine 
jump address from second l i s t  a f te r  
SCRTJ ca]'l
dump to  th e  branch address
XTESTN.
C alled  by TESTN
Entry
" I s  c h a ra c te r  a
yes no
c Is  c h a ra c te r  a number
yeno




DTAPE . Deotape Handler for Super D
C Entry
F a ta l
(none 
1 Change
'C o rrec t f i e ld
'S e t  t r y  counter fo r  th re e  t r i e s  
'Load command r e g is te r  w ith u n it  number 
^Select or tim ing e r ro r  
no
vTest number of blocks fo r  t r a n s f e r  
ok
vSet up word counters fo r  b lock  t r a n s f e r  







'Checksum or tim ing e r ro r  
no
"All done y e t 
yes
' Change
Set up word counters fo r  b lock t r a n s f e r  
"Set l in k
'I n v e r t  l in k  and ro ta te  in to  d ire c tio n  b i t
' 'S ta r t  c o rre c t u n it
'RDQUAD^  Ensures meaningful b i t s  are  





Wait fo r  s in g le  lin e  f la g  
found
"Read command r e g i s te r  and move motion 
b i t  in to  l in k
' Test mark tra c k  b i t s  fo r  endzone
not endzone
I s  i t  block number segment 
yes
Read block number 
tT e s t  d ire c tio n  and block number
forward 
block number 
le s s  than 
requ ired  
o r reverse  
block number 
g re a te r  than 
r e qu ired
^ r c ^  








le s s  than 
requ ired
 1 Rvsr -
'S e t l in k
Another t r y  
yes
'C lear l in k
©
0
yClear p a r t  block 
f l i p  f lo p











I s  i t  search  only
yes
C lear accum ulator 
and lin k












r  ' >
x——1— ^
i n o
^  . V'
no
V
" S e t  up  t r a n s f e r  a d d r e s s  and  f i e l d  
Y /a it f o r  s i n g l e  l i n e  f l a g
fo u n d
I s  i t  r e v e r s e  g u a r d  se g m e n t  
y e s
tR e a d  o r  w r i t e  
w r i t e
W r ite  l o o k  o r  s e l e c t  e r r o r  
no
RDQUAD ( t o  s k i p  c o n t r o l  w o r d s )
S e t  r e q u ir e d  u n i t  t o  w r i t e  and go  
'S e t  up ah eck su m
G et n e x t  d a t a  fro m  p o i n t e r  a d d r e s s  
■WRQUAD
H as p o i n t e r  a d d r e s s  g o n e  t o  z e r o  y e t  
y e s
FLDCHG
H ave r e q u ir e d  num ber o f  w o rd s b e e n  p u t  i n t o  
t h i s  b l o c k
y e s






RDQUAD) Ignores- c o n tro l words on tape 
rRDQUAD)
'RDQUAD fo r  f i r s t  checksum 
' RDQUAD 
I'EQUFUN 
Store v ia  p o in te r  address 
VHas p o in te r  address gone to  zero y e t 
yes 
1 'FLDCHG-
' ’Have req u ired  number of words been read  from 
th is  b lock y e t
yes
Were 129 words read from th i s  block 
no
'"Read rem aining words and add to  checksum 
RDQUAD 







v is  f l i p  f lo p  se t
yes no
rS e t f l i p  f lo p
E x it
v is  th e re  a f in a l  b lock  o f le ss  than 
128 wordsno
yes














found fo r  qua^ d l in e  f la g
found














rAdd data to  cu rren t checksum t o t a l
rThe checksum i s  computed in  eq u iv a le n t  






’^Form a s ix  b i t  checksum 
from th e e q u iv a le n t checksum which i s  
c o n tin u a lly  computed
The accum ulator should be l e f t  at zero  
any errors are p icked up la t e r  at 
Rwcom, where a non zero accum ulator 
i s  d e tec ted
R eturn 3
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UTRA. Unpack and Reform a C haracter from B uffer 
C alled  hy GETO




V Reform 8 b i t  
a s c i i  code
l e s t  fo r  normal, extended or a  ?  
normal
_
1'Reform 8  b i t  
S L S c i i  code 
—----- ^ --------->1no
vS to re  in  char
C
YI s  tra c e  enabled 
yes
^^Flip the tra c e  
f l i p  f lo p  ,dmpsw
yT est i f  debgsw and dmpsw a re  both  zero 
ie  tra c e  on
yes





^  Entry ^
‘''•Test l e f t / r i g h t  unpacking p o in te r  
-1
Get next word from b u ffe r 
v ia  axout
'"Get s ix  le a s t  s ig  b i t s  of gtem 
in to  s ix  l e a s t  s ig  b i t s  of acc
'^ s to re  in  gtem and se t 
xct to  -1
R otate s i x ’most s ig  
b i t s  of gtem in to  s ix  
le a s t  s ig  b i t s  of acc
^  y e s , extended 
GET1 G
rStore in  char 
I s  char equal to  77 
no,normal c h a ra c te r  
''S et acc fo r  norm or extend
Return 3
' ' In v e rt acc to  s ig n ify  extend
354
O ut
C a l l e d  b y  FRINTC
C h in
C a l l e d  b y  RE ADC
C E n t r y
C
3
M is c h a r a c t e r  i n  a c c u m u la to r  
no
''G et i t  fro m  c h a r  
' I s  i t  a  r e t u r n  
y e s  
tOUTDEV
G et a s c i i  f o r  l i n e  f e e d  i n t  a c c u m u la to r  
♦OUTDEV
R e tu r n 3
^  E n tr y  ^
l i n e  f e e d  
o r  r p b o u t
C
' -INDEV 
rSave i n  c h a r  
''SORTC (ECFOLST) 
o t h e r  
(FRINTC
R e tu r n 3
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PACBUP . S tr ip s  and Packs ASCII C haracters 
C alled  by PACKC
^  E ntry  ^
'd s  c h a ra c te r  in  char a question  mark (?)
'S e t  acc to  vxs c h a ra c te r  a rubout
no yes
'■Store ch a rac te r  code in  t2
l'Are bo th  o r n e ith e r  of b i t s  5 and 6 s e t  
ie  11 o r (2>{J
,1 PL-
yes
11 or 0# c h a ra c te r  i s  extend varie tj^(7>1 o r 1#
I'Set up 77 o c ta l  in  accum ulator 
'■PCK1
n u ll
c h a ra c te r
C
I Get s ix  le a s t  s ig  b i t s  of t2  






^  E ntry  ^
'd s  l e f t  / r i g h t  sv/itch x c t in  s e t  to  
l e f t  o r r ig h t  h a lf  of add
0 , l e f t  h a lf
f  S to re  s ix  le a s t  s ig  h i t s  
in  s ix  most s ig  b i t -  o f 
add
>1' S e t x c t in  to  -1 so th a t  
nex t c h a rac te r  i s  s to re d  
in  r ig h t  h a lf  of add
yes
R eturn
, r ig h t  h a lf
’*>\dd accumulator to  add
f s t u r e  add v ia  inpu t te x t  
p o in te r  axin
rC le a r  add
T Is  th e re  any more room l e f t  
in  te x t  b u ffe r  (o r conj;iand 





C alled  by FROTLN CEntry
C
3
 ^ I s  va lue in  accum ulator  
y e s
'S to r e  accum ulator in  UNITS( LINENO)
■
''C lear o th er s to r e s
' S p l i t  UNITS in to  fou r decim al d ig i t s  
P r in t the four d ig i t s  
C lear UNITS
Return 3
C onsole R esta r t and Error Recovery  





' I s  in te r r u p t p rocessor in  f i e l d  0 ;
no
tRESWOP
S tore return  address in  LINENO(UNITS) 




J' S et LINENO 
= 020#
^ e c o ^
'Wait fo r  t t y  output to  f in i s h
done
"Clear t t y  b u ffe r s  and r e s e t  l/O  p o in te r s  
u S tart t t y  
' r P rin t a ? 
uFRNTOCT
’^Print a retu rn  and c le a r  t e s t  patch  in  
dectape handler
S ta r t
358
C h a ra c te r  Removal R o u tin e
Rub1
l e f t  h a l f  o f  ad d
■''‘T e s t  w h e r è  l a s t  c h a r a c t e r  w a s  p a c k e d
r i g h t  h a l f  o f  a d d  an d  s t o r e d  i n  t e x t  
b u f f e r




l e f t  h a l f  o f  add
T e s t  f o r  o r d in a r y  
o r  e x t e n d e d
o r d in a r y
t S e t  add  t o  
z e r o
n o t  nev/
P r i n t  a  \  v i a  PRINTC
T e s t  w h e r e  l a s t  c h a r a c t e r  w a s p a c k e d
r i g h t  h a l f  o f  a d d  an d  s t o r e d  i n  b u f f e r  
T e s t  f o r  o r d in a r y  o r  e x t e n d e d  c h a r a c t e r
................  ■   ^   —  I
o r d in a r ye x t e n d e d  
'f’C le a r  l a s t  e n t r y  t o  b u f f e r
e x t e n d e d
R e s e t  in p u t  t e x t  p o i n t e r s  t o  a c o u n t  
f o r  d e l e t e d  c h a r a c t e r
C le a r  c h a r a c t e r
S e t  up  add
359
F i l e s t r
C alled  by FILSTR C Entry
Dvce C
vPick up s ta r t in g  block,number o f blocks 
p a r t b lo c k ,f i le  s ta r t in g  address and f ie ld  
from d ire c to ry ,S to re  in  re sp ec tiv e  p laces 
fo r  dectape ro u tin e
! C lea r search mode
Return )
C alled  by DEVICE
E ntry
1TESTC
number or o therte rm inato r
'C e t fo r  u n it (f) GETDVC
^  E rro r
re tu rn  with l a s t  




^M ultiply previous 
b i ts  by 2 and add 
cu rren t ch a rac te r
not in  l i s t
'C e t fo r  u n it
POPJ ^
Save acc in  C0DEV.D(clears i t  f i r s t  tim e) 
GETC
SORTC(TERMS)
in  l i s t  
tG et CODEWD 
SORTJ (DVCTBL DVCLST)
^  ^ 1 — II— — mmm.
o ther Dtal 




^  E rro r  ^
C Entry
0




1bt re tu rn
4 Set r i f h t  h a lf  of add 
to  a space
’S tore add in  f i l e  
inpu t b u ffe r
'rSet add to  double 
space
i^^s l a s t  char e #
no
^  E rro r ^
yes
1-GETG
' ‘S et up b u ffe r  p o in te r  and a 
counter fo r  s ix  f i l e  ch a rac te rs
TESTC
o ther
V Got s ix  alpha numeric chars y e t
1s t  e x i t
1 s t  re tu rn
E rro r
^  A  ' ^




2nd re tu rn  
tGETC 
SPNOR
'SORTC (term s) 
2nd e x it
' Too many ch a rac te rs  ye t no
yes




2nd e x it  
' ' GETF^2 




1 s t  e x i t




Pack f i r s t  in to  l e f t  h a lf  of add 
'GETC
'r SORTC (terms)
2nd e x it
'P a c k  ch a rac te r  in to  r ig h t  h a l f  o f add
S tore  add in  f i l e  b u ffe r  and r e s e t  add 




C alled by FLSRCH
yes
C




^  E ntry  ^
1
S et p o in te r to  s t a r t  of d ire c to ry
  <---------------------
S et p o in te r  to  f i l e  b u ffe r
Set oounter f o r  fo u r words 
End of d ire c to ry  y e t 
no
' T est f i l e  name in  f i l e  b u ffe r  w ith name ,^ 
in  d ire c to ry
not same
Move on to  next f i l e  in  d ire c to ry
3é2
D irec to ry
'r DEVICE
1 TESTCR
'G et u n it  number in to  accumulator
" DRCTRY
'S a v e  te x t  p o in te rs  on pushdown l i s t
' ' Enable tra c e
1 S ta r t  a t begining o f d ire c to ry
S et counters and p r in t  a re tu rn
' ' End o f d ire c to ry  y e t
no
-GETC
Six  ch arac te rs  y e tno
yes
1' P r in t  a
'rP r in t  two c h a ra c te r  ex tension
1' P r in t  s ta r t in g  block,number of whole blocks 
number of words in  l a s t  block as decimal
P r in t  s ta r t in g  address and f ie ld  in  o c ta l
Move on to  next f i l e
yes
^D isable tra c e
vRestore te x t  p o in te rs  from pushdown l i s t
VZSRCH ■






S e t  up c o n t r o l  c o d e s  i n  d i r e c t o r y  b u f f e r
' P r i n t  a  ?
S e t  s w i t c h  f o r  t t y  in p u t
rINRJT
C t r C t r l s
v S e t  d i r e c t o r y  h e a d e r  
t o  s p a c e s  
► ■■
r S e t  d i r e c t o r y  h e a d e r  
t o  SYSTEM.BN
a n y  o t h e r S e t  d i r e c t o r y  p a r a m e te r s  t o  b a s e  l o c a t i o n s
S e t  u n i t  t o  r e q u i r e d  v a lu e
rDRCTRY
' ' P r i n t  a  r e t u r n
C le a r  in p u t  s w i t c h
' -ZSRCH
S t a r t
364
E r a s e
1 s t  e x i t
1 ' FILEDVC 
2nd e x i t
?S ave p o i n t e r  t o  s t a r t  o f  f i l e  i n  d i r e c t o r y  
and a n o t h e r  t o  s t a r t  o f  n e x t  f i l e
I 'S a v e  s t a r t i n g  b l o c k  o f  f i l e  i n  XBLOCK
'C om pute t o t a l  l e n g t h  o f  f i l e , s a v e  a s  a  c o u n t e r  
i n  XX
I 'S a v e  s t a r t i n g  b l o c k  o f  n e x t  f i l e  i n  YBLOCK
' I s  i t  l a s t  f i l e  on t a p e  
no
M o d ify  t h e  f i l e  s t a r t i n g  b l o c k  n u m b ers o f  f i l e s  
a f t e r  o n e  t o  b e  d e l e t e d
 ^S h u n t up  f i l e s  i n  d i r e c t o r y  a f t e r  f i l e  t o  b e  
d e l e t e d
R e s e t  n e x t  f r e e  b l o c k  on t a p e  p o i n t e r , r e d u c e  
num ber o f  e n t r i e s  b y  1 , r e s e t  n e x t  a v a i l a b l e  
s p a c e  i n  d i r e c t o r y  '
' S e t  l i n k  and a c c u m u la to r  f o r  w r i t e  on  t o  r e q u ir e d  
u n i t
tDRCTRY 
S e t  up w r i t e  p a r a m e te r s  
TAFVAR-^PDL 









^'Set tape param eters fo r  a 1(P b lock t r a n s f e r  
in to  or out of d ire c to ry  area  in  f i e ld  2
Retur
INOUT
^  Entry  ^
1 s t e x it
^  E rro r ^
s t  e x it
^  E rro r ^
yes
^  Return ^
Save p o in te r  to  f i r s t  f re e  b lock  as endpoint 
iT u m  in te r ru p t  o f f
' DTAPE (read  in to  d ire c to ry  a rea  from tape) 
2nd e x it
Increment block address fo r  next time 
VINCUTS
^DTAPE (w rite  out of d ire c to ry  area  to  ta p e ) ^  
2nd e x it
^Increment block address fo r  next time 










'^PDL TAP7AR) ^waps read w rite  param eters





2nd e x its t  e x i t
iT es t l a s t  c h a ra c te r  fo r  a
p resen tnot p resen t
'Save f i l e  param eters
' FILEDVC
1s t  e x it2nd e x it
 ^S to re  f i l e  name in  d ire c to ry
 ^'Is  th ere  enough room fo r  th i s  f i l e  on tape
no yes
"Save length  of f i l e  on H)L
Vis th e re  enough room in  d ire c to ry
yes >
'^ e s e t  next fre e  lo c a tio n  p o in te r  and next 
f re e  block p o in te r
no
E rro r
^Set acc and l in k  fo r  w rite  on to  req u ired  
u n it
'S e t  up w rite  param eters
''TAPVAR-^PDL
VSet up read param eters
SETO
VINCUT






C alled by FRNTOCT C E ntry
C
)I s  accum ulator 0 
no
S tore in  UNITS
P r in t a space
^Rotate out four o c ta l  d ig i t s  and 




' I s  c h a ra c te r  a comma
yesno
':SAr S e t  f ie ld  0 
address #20#
1s t  e x i t2nd e x it
 ^"Another comma
E rro ryesno
 ^" Set fo r  
f i e ld  (t













' ’Set counter fo r  a max o f four o c ta l 
d ig i t  inpu t and c le a r  inpu t s to re
TESTN
number 




1s t  e x i t
2nd
Return
^M ultiply previous 
d ig i t s  by 8 and 
add cu rren t d ig i t  
Save r e s u l t
 ^'Any more to  come 
no
2nd e x i t
\
^  Return J  a
TCARTN
C alled by TESTCR
‘GETC
E ntry
I s  ch a rac te r  in  accumulator
no,use CHARyes
I fis i t  a re tu rn
no yes
E rro r Return
3é9
D V C F L E
C alled  by FILEDVC
E ntry
I'was l a s t  c h a ra c te r  a colon
no yes
E rro r 'Read d ire c to ry  of req u ired  u n it
TLSRCH
1 s t e x i t 2nd e x it








1s t  e x i t 2nd e x it
E rro r
 ^LOADER
S ta r t
Lo





2nd e x it1s t  e x it LOADERS
'EILSTR
'G et f i l e  ex tension




o th e rdap r
, 'BLSUB
'" I s  f i l e  too long 
fo r  Focal b u ffe r
r i s  f i l e  too long 
fo r  v a riab le  l i s t
yes. yes nono
''6 e t end of v a riab le s  
p o in te r  in  Focal
I 'S e t end of te x t  
p o in te r  in  
Focal
TSet t r a n s f e r  address to  
s ta r t  of v a riab le  ta b le
i 'S e t  fo r  read from deotape in to  core E rro r
DTAPE
1 s t ''2nd  e x it  









“^Convert blocks in to  words 
(128 words per block)
Return
SYSS
Section  fo r  saving system area on dectape 
Extension  of th e  save command
Syss
S e t tape param eters to  w rite  f ie ld  2 
in to  blocks 20 to  52 of dectape on u n it  0
’DTAPE











I s  ch a rac te r  a re tu rn  
no
•FILEDVC 
^s t  e x it
' I s  th e re  enough room on d ire c to ry  fo r  another 




W rite f i l e  name in to  d ire c to ry  
I Set up s ta r t in g  block fo r  t r a n s f e r  
T est f i l e  ex tension  
! 'SORTI (FLEXTN FLTBLE)
o th e r
E rro r ;
da
Save s ta r t in g  address 
and f ie ld  on PDL
■ Find length  of f i l e  
in  words
bn
rSave s ta r t in g  address 
o f 100 f i e ld  1 on PDL
T ind le n g th :o f  f i l e  
^in words______
'Convert to  blocks and p a rt b lock
rStore in  d ire c to ry
Store f ie ld  and s ta r t in g  address in  d ire c to ry  from pdl 
GETC 
1 'TESTCR
Œs th e re  enough room on tape 
yes
yReset next fre e  block p o in te r 
and next fre e  space in  d ire c to ry  
p o in te r
V.___________________________________
I'FILSTR
W rite f i l e  onto 
tape











'Save s in g le  number f i e ld  s e t t in g  on H)L
1 GETC
'ils i t  a comma
yesno
ISA
2nd e x it1s t  e x it
Save s ta r tin g  address on PDL











' ’Add previous d ig it  and store  as blocks






^  Error ^
1 s t  e x it





^Move in to  s ix  most s ig  b it s  o f accumulator
rAdd.6040 and store  in  help f i l e  bu ffer  
as help  f i l e  number
1XTRMN8
'Move help f i l e  name in to  f i l e  search b u ffer  
Read unit 0 d irecto ry  
tFLSRCH 
2nd e x it  
LOADER +3
Load a go command in to  Focal command bu ffer  
'^ XTRMNS ;
rS ta r t'ex ecu tio n  o f Focal
37 5
Write
For use with In te r  Processor B uffer
Wr
'S et sw itch fo r  tra n sfer  8e to  8
' -INFORT
•REFELD
Set f i e ld  o f tran sfer
"Get data





1 s t  
e x it 'ADTST
3rd e x it
' Delay for short tiire
Sm2 -RECEVE
'Compare with f i r s t  checksum
' RECEVE






For use with In ter  Processor B uffer •
SUMS
Ac
1 Set sw itch fo r  tra n sfer  8 to  8e
' HECEVE
'SUMS




1 s t  
e x it
>Reset to  f i e ld  2
'ADTST




'Form a CDF in str u c tio n  in  acc from sin g le  






'Add to  checksum to t a l  







n e ith er
1s t  e x it









'Save as f i e ld  s e t t in g  





2nd e x it
Save as s ta r tin g  address fo r  tra n sfer
>
tCMTST
SA (number o f lo ca tio n s)
2nd e x it  
X^TRMNS
Send synchronizing words
Send number o f words and se t  up a counter 
fo r  number o f  words
Send sta r tin g  address
^Send f i e ld
Send switch for  tra n sfer  d irectio n














1 Wait fo r  In ter  Processor B uffer f la g
SEND
C Entry





Load In ter  Processor B uffer R eg ister  
' ’Strobe data out









Increment address p o in ter  
' Has i t  gone to  zero y et  
no









r " ----  '4 ■ ' V
3rd
Return )
'Increment f i e ld  s e t t in g  






Used when b u ild in g  the system from paper tape
Entry
'"Save m axi-bootstrap in  b lock 0 of 





PDP-8 I n te r  Processor B uffer Handler 
Takes the place o f the loaders in  f ie ld  1
E ntry
''S e t sw itch fo r  Focal or console s t a r t
'Read synch words
c o rre c twrong
'READH alt
Save as number of words to  be tra n sfe re d
' Save as s ta r t in g  address fo r  t r a n s fe r
vread
 ^ Save as f ie ld  of t r a n s fe r
VREAD
Save as d ire c tio n  switch
'C le a r  delay counter and checksums
'T e s t  d ire c tio n  of t r a n s fe r









3rd e x it
 ^W rite both checksums across





Set f ie ld  and get da ta
V R eset f ie ld
1 s t  
e x i t





1 Form f ie ld  s e tt in g  in  accumulator
Return
E ntry
vVait fo r  f la g
found
found
rRead da ta  and t e l  Be th a t  d a ta  has been 
received
WRITE
^  R e t u r n ^  
^  E n try  ^
vSend da ta  ready strobe
not 'rV/ait fo r  f la g
found
found







^  E n try  ^
C
Save d a ta
Add to  checksums




Increm ent address 
'Has i t  gone to  zero yet 
no
T ran sfe r complete ye t
■ k "  ■
no






I "Increment f ie ld  s e t t in g  
1 -T ransfer complete ye t
no
2nd
Return
yes
